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THE EFFECT UPON THE BODILY TEMPERATURE 
OF LESIONS OF THE CORPUS STRIATUM AND 
OPTIC THALAMUS. By W. HALE WHITE, MD. 
Senior Assistant Physician to and Lecturer on Materia Medica and 
Therapeutics at Guy's Hospital. 


(From the Physiological Laboratory at Guy's Hospital.) 


MANY years ago Brodie pointed out that the nervous system exerts 
a considerable influence over the bodily temperature and several papers 
appeared from time to time on the subject. Tscheschichin’ first 
showed experimentally that injuries to the brain produced a rise of 
temperature. His results were disputed by Lewizky, Bruck and 
Giinter but were confirmed by Murri* and other observers, Eulenberg 
and Landois’* found that in dogs destruction of a portion of the cortex 


_ of the brain in the neighbourhood of the sulcus cruciatus caused a rise 


of temperature which was most marked on the side of the body opposite 
to the lesion and Hitzig* has confirmed these results. Copious refer- 
ences to German authorities may be found in an article by Riegel’. 
Wood® has made a prolonged study of the subject, and finds that in 
the dog destruction of the first cerebral convolution is followed by an 
increase of heat production. Richet" found that by i injuries to the 
front of the brain he was able to produce a considerable rise of tempera- 
ture. Aronsohn and Sachs*® published a short communication on the 


1 Reichert and Du Bois-Reymond’s Archiv, 1866, and Deut. Archiv fir Klin. Med. 
Bd, 11, 1867. 


2 “Del potere regolatore della temperatura animale,” 1878, and “Bulle 
teoria della febbre,” Fermo, 1874. 

3 Virchow’s Archiv, Bd, uxvun. s. 245.} 

* Centralblatt fiir die. med. Wissensch. p, 323, 1876. 

5 Pfliiger’s Archiv, Bd. v, p, 629, 1872. 

6 “ Fever,” Smithsonian Contributions to Knowledge, Philadelphia, 1880. 


7 Bulletins de la Société de Biologie, p. 189, 29 March, 1884. Comptes Rendus de 
V Académie des Sciences, 31 March, 1884. 


Deutsch. Med, Wochenschrift. 1884. 
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- subject, and soon afterwards there appeared their well-known mono- 
graph’. In this they show that punctures into the corpus striatum 
produce a considerable rise of temperature, and that this is not due to 
injury of the superjacent grey and white matter. Inasmuch as the 
destruction of albumen is increased, they conclude that the rise of 
temperature is due to an increased production of heat, and not to a 
diminished loss, and this is the same result as that to which those 
observers, such as Wood and Ott, who have used a calorimeter, have 
arrived. Ott* destroyed parts of the brain by passing in a seeker, and 
then working it from right to left, and when the corpus striatum 
was injured the temperature usually rose, in one experiment as much 
as 7°F, In some later experiments he found that a lesion of the 
anterior end of the optic thalamus would also cause a rise of tempe- 
_rature. Girard® has performed several experiments upon rabbits and 
has always found that the temperature rises considerably when the 
corpus striatum is injured, but hardly at all when the lesion is confined 
to the white matter in its neighbourhood. Baginsky‘ also has 
shown that damage to the corpus striatum causes a rise of temperature. 
The question of the priority of the discovery of the influence of corpus 
striatum upon the temperature has led to a discussion between Messrs 
Aronsohn and Sachs, Richet and Ott*. : 

In all these experiments but little attention has sae paid to the 
normal temperature of the animals operated upon, to the effect of the 
anaesthetic upon the temperature, to the influence of the mere trephining 
apart from the injury to the corpus striatum, or to the temperature on 
each side of the body. Also there are but few experiments in which 
the white matter only was injured. It was to remedy these defects 
that I undertook the research which is embodied in this paper: it is I 
hope only preliminary to a series of experiments on the influence of 
the central nervous system upon the production of heat, in which, the 
most accurate form of calorimeter at present invented will be used. 
Very few of the animals upon which I operated were bound down at all, 
but were held by the assistant, and if they were bound they were untied 
before they recovered from the anaesthetic. Many observers have kept 


1 Phliiger’s Archiv, Oct. 1885. 

2 Journal of Nervous and Mental Diseases, April, 1884. “Ibid. March, 1887. Therapeutic 
Gazette, Sept. 15, 1887. Journal of Nervous and Mental Diseases, February, 1888, and 
Brain, January, 1889, 

8 Archives de Physiologie, Tome vit. 1886. 

* Virchow’s Archiv, Nov. 1886. 

5 Pfliiger’s Archiv, pp. 624, 625, 1885, and Brain, Jan. 1889. 
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the animals bound down for hours after the experiment. This I — 
detracts from the value of their results. 

Method of Experiment. An anaesthetic was given, usually ether. 
The hair on the head was cut close. An incision was made through the 
skin from before backwards in the middle line; it was about an inch and 
a half long, and its centre was at about the level from before backwards 
of the orbit. The skin was drawn aside and the periosteum stripped back, 
on the side to be operated upon. A trephine was then applied in the angle 
between the frontal and coronal sutures, and a disc of bone 1/5 of an 
inch in diameter was cut out. A needle of the following construction was 
then plunged vertically downwards into the brain until its point touched 
the base of the skull. It was hollow and about as large as an exploring 
needle. It had a sharp point, and 3/10 inch from its pointed extremity 
it had a lateral aperture through which a fine wire could be made to 
extrude nearly at right angles to the needle, by pushing down the upper 
end of the wire which protruded from the upper opening of the cavity 
of the needle, The cavity of the needle did not extend further than — 
the lateral aperture. It was provided with a handle so that it could be 
twisted round when in the brain. After the needle had been passed 
vertically down to the base of the skull, the wire was pushed down till 
about 1/16 of an inch was extruded, it was then turned round once, 
by this means there was destroyed an area of brain substance about 
1/8 of an inch across and 3/10 of an inch from the base of the skull. 
_ The wire was then pulled in again, and the needle withdrawn. 
The wound was sewn up. It was kept sweet during the operation by 
frequent sponging with carbolic acid lotion. In none of the operations 
did meningitis result. In fact the only complication was that once 
there was a cerebral abscess. The animal always seemed perfectly well 
after the operation, and could run about easily save in one or two 
instances in which the occurrence of secondary haemorrhage in, or 
the breaking down of cerebral substance near the lesion led to some 
transitory paralysis. 

‘The temperatures were nearly always taken with a Kew certificated 
thermometer. 

The Normal Temperature of Rabbits, The rectal temperature was 
frequently taken daily for several days before the operation, and an — 
examination of the figures will show (see Table IV.) that the normal 
rectal temperature for a rabbit is between 101° and 103° F. Occasionally 
this limit is exceeded, but this excess can usually be traced to some 
slight exciting cause, for example the temperature was sometimes found 
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to be over 103° F. when the animals first arrived at the laboratory after 
a long journey to it. 

The effect upon the temperature of the administration of ether. This 
was the anaesthetic usually employed for the operation. In rabbits 
Nos. 1, 2, 3, 4, 5, 6, 7, 8 it was given, but no operation was performed. 
The temperature was, in each of these animals, taken frequently after 
the administration of the anaesthetic’. In Nos. 1, 2, 3, 4,5 and 7 the 
temperature did not exceed the normal point. In No. 6, it was before 
the administration of ether 102°8, four hours afterwards it was 103°4, but 
in this animal it had been as high as 103°8 on arrival at the laboratory. 
In No. 8 it was, before the ether was given 102°6, four hours after the 
administration of the ether it was 103°8, but six hours after this it had 
fallen to 102°8. With these slight exceptions the administration of 
ether did not produce an abnormal temperature. 

Dummy Experiments. In rabbits Nos. 5, 6,7, 8,9, 10 dummy experi- 
ments were performed’, These were done in two stages. In the first 
the skull was trephined as usual, and the dura mater was pricked. In 
No. 5, five hours after the operation the temperature was 104°6, seven 
hours afterwards it was 103°6, and nineteen hours later it was 102°2. 
In Nos. 6, 7, and 8 it was 103 five hours after the operation, and in 
Nos. 9 and 10 it was under 103. So that in one only of these six 
dummy experiments was the temperature above normal, and then it — 
was raised for a very short time 14 degrees. 

All these animals were subjected to a second dummy experiment a 
few days later. A probe was passed into the trephine wound and a 
very small area of the cortex was destroyed. In No. 5 the tempera- — 
ture rose to 103°2; under the combined influence of the ether and the 
first dummy experiment, this animal’s temperature reached 1046. 
In Nos. 6, 7, 9,10 no rise of temperature was produced, but in No. 8, 
five hours after the experiment it was 103°8, ten hours after it had 
sunk to 103:2, the point at which it stood five hours before the operation. 
It was in this animal that after ether only the temperature was raised 
to 103'8, | 

We may conclude that, as a rule neither ether, nor dummy experi- 
ments cause a long lasting rise of temperature, but that occasionally a 
transitory rise, of a degree or so, may be produced. We know that in 
man a slight rise is common after any operation. 

Lesions of white matter only. In fourteen experiments (Table I.) it 
was found that the white substance alone had been destroyed. In only 

1 See Table IV. ot 
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eight was the subsequent temperature over 103, in four out of the eight 
(viz. 7L, 13L, 15L and 19L) the lesion, although in the white matter, 
just touched the corpus striatum, and it is to be particularly noticed 
that in no other of these fourteen did it touch grey matter. Of the 
remaining four animals in which the temperature was raised, one 
developed a cerebral abscess and the others had temperatures respec- 
_ tively of 103°4, 103'4 and 1034; a rise that might easily have been 
due to the combined influence of the anaesthetic and the operation. 
These facts point strongly to the conclusion that lesions of the white 
substance are incompetent to produce a rise of temperature, unless they 
touch the grey matter of the central ganglia when a slight rise may be 
induced, 


In confirmation of this it will be noticed that the difference between. 
the temperature before, and that after the operation, and the duration 


of the rise are both slight in comparison with similar figures which will 
be found in the tables of lesions of the corpus striatum and optic thalamus. 

These results are in harmony with those of Girard and also with 
those of Aronsohn and Sachs, These three observers made however 
but very few experiments in which the white matter alone was 
implicated. They are in direct opposition to those of Ott (Thera- 
peutic Gazette, Sept. 15, 1887), who obtained a rise of 3}° F. as a 
result of a lesion 1 mm. in front of the corpus striatum. Considering 
how near the ‘lesion was in this experiment to the corpus striatum, 
I should think it highly probable that structure was implicated, 
but only slightly, for the temperature 94 hours after the experiment had 
fallen to normal. The brain must often be destroyed at least 1 mm. 
further than we can see. Nor are my results in accord with Ott’s 
statement that injury to the white matter in front of the optic thalamus 
between it and the corpus striatum leads to a rise of temperature, for in 
experiment 15 R. the lesion was exactly in this position but the 
temperature only rose to 102°4, which is within the normal range of the 


temperature of rabbits. Considering the great difficulty of being sure 


that a lesion in this position does not implicate the corpus striatum or 
optic thalamus, I think that my one negative experiment is more 
valuable than Ott’s two positive experiments. I would not however 
lay too great stress on my single experiment, for although the tempera- 
ture after the operation only attained 102°4, yet before it was but 1008. 
As the muscles are the chief thermogenetic organs a series of obser- 
vations upon the temperature in cases in which a lesion is limited 
to the internal capsule would be very valuable. 
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_ Lesions of the Corpus Striatum. In twenty-three experiments 
(Table II.) this was the part principally destroyed. In two the tem- 
perature reached 106°8, In seven it was 106, or over. In eleven it was 
over 105, and in eighteen it was 104 or more. In the remaining five 
there was a rise in three and a fall in two. In one of these last the 
temperature was ‘2 less than before operation, no cause for this fall 
could be discovered; in the other it was *4 less than before the operation 
but the lesion was so extensive that the shock was quite sufficient to 
explain the fall. The number of degrees that the temperature rose 
varied in different experiments, in one it was as much as 52. In seven 
it was four degrees or more, and in thirteen it was over three degrees, 
and the average rise was three degrees, so that we may fairly say that 
the rise was usually considerable. The time which elapsed between 
the operation and the highest temperature was as a rule only a few 
hours: thus in one experiment a temperature of 106°8 was attained in 
four hours, and on another occasion in 74. Excluding 20 L the highest 
point was, on the average, attained in 16} hours. The duration of the — 
rise was on the average 62} hours. Sometimes there was a second rise 
late in the experiment; when this was so, it could always be explained 
by the fact that a small secondary haemorrhage had taken place into 
the corpus striatum and thus destroyed more of it. Occasionally 
shortly before death there was a considerable fall of temperature ; this 
was always found to be due to a large secondary haemorrhage which 
gave rise to severe shock, It is noteworthy that some of the highest 
temperatures were attained when to all appearance the lesion was far 
removed from the motor part of the internal capsule. 

Lesions of the optic thalamus. In nine experiments (Table III.) 
it was found that this was the part of the brain that was injured. In 
all of them the temperature rose after the operation. In one it reached 
105°6, and in another 105°5. In all but one it was over 104, and in 
that one the lesion was so severe that the fact of the temperature 
only rising ‘1 could be easily explained by the severity of the lesion 
which must have produced much shock. The number of degrees the 
temperature rose was not so great as after lesions of the corpus striatum. 
Excluding 24 R the average rise was 24 degrees, In three experiments 
it was more than three degrees and in six it was two degrees or more. 
It usually attained its highest point in six or seven hours and the 
_ average duration of the rise was forty hours. Here also several of the 
lesions did not appear im any way to implicate the internal capsule. — 

In some of the experiments upon the corpus striatum the grey 
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BRAIN LESIONS AND HEAT. 


matter of the base of the brain was injured, and as that is in such close 
contact with the corpora striata and optic thalami, it is difficult to be 


But I think the evidence is against this, for in the majority of the 
experiments the damage done to the grey matter at the base was only 


=| 
: 
: sure that the damage of it was not the cause of the rise of temperature. 


slight, being nothing more than the puncture from the fine point of the 


needle, and there was no rise of temperature when the white matter only 


F was damaged, although then the base of the brain was also punctured. 

2 TABLE III. | 

= oe 9 Experiments in which the Optic Thalamus was injured. 


— R and L refer to the right and left sides of the brain. 


Temperature in degrees Fahrenheit. 


p- 


Position of Lesion. E 


temp. immed. before 
operation. 
Hours after operation 
that the highest tem 
was attained. 


No. of e t. 
(See Table TV.) 
| Hi np. after 
operation. 
No. of degrees above 


Remarks. 


2 R | Narrow lesion 4 mm. ; 
long across optic thal.| 105°6 | 3-2 6 | 30 
25 L | Optic thalamus 105°5 | 2°6 7 ; 31 
27L | Centre of optic thal. | 104°8 | 2-4 6 | 36 
27 R | Centre of optic thal. | 1048 | 2°0 6 | 18 
1 L | Centre of optic thal. | 104-6 | 3:2 | 19 | 72 
1R | Centre of optic thal, | 104-4 | 3-4 10 | 72 
26 R | Centre of optic thal. | 104-4 | 1°8 
6R | Narrow lesion 4 mm. | 
long in optic thal. {| 1042 | 1:4 4 | 3l 
24 R | Extensive destruction Lentic 
i extensive lesion ; 
optic thal. 102°9 | 0-1 2 2 enough 
>. 


These experiments then appear to me to prove that the corpus striatum — 
and the optic thalamus have, in rabbits at least, the power of modifying 
the temperature of the body, and that the surrounding white matter has 
no such function. This function of these two ganglia probably does not 
work directly through the vaso motor system, for they are well above the 


medulla. I frequently observed the ears of the rabbits after the opera- 


$ 
wa 
a 
— 
= 
— 
2 & 
<j 
i 
| 
> § 
a 
} 
a 
2 
2 
: 
wa 
a 
2 


10 W. HALE WHITE. 


tions hae the temperature was raised, but I could not detect any 

variation in the size of the vessels. Calorimetrical experiments con- 
ducted by various observers appear to show that the production of heat 
is increased by lesions of the corpus striatum and optic thalamus, but 
they require to be repeated with more accurate instruments before they 
can be accepted as quite trustworthy. We do not at present know 
whether the lesions of the corpus striatum are to be regarded as 
paralysing or irritating ones. In any discussion on this point it must be 
remembered that very minute lesions are competent to produce great 
rises of temperature, and that experimental pyrexia is never long | 
lasting. I have elsewhere (Guy's Hosp. Rep. Vol. 42, p. 49, Lancet 
July 25, 1885, p. 148, and Lancet June 29, 1889, p. 1295) published 
cases which show that in man also, lesions of the corpus striatum and 
optic thalamus will cause a rise of temperature, and I have had under 
my care a man in whom haemorrhage into these bodies was associated — 
with a rise of temperature to 105. It will be seen that these results 
accord in the main with those of previous observers. 

Difference of Temperature on the two sides of the Body. In order 
to determine whether a unilateral lesion caused a unilateral rise of 
temperature, it was taken in several different rabbits in both groins 

shortly after the operation. Forty observations were taken (see Table IV. 
Nos. 1, 2, 3, 13, 18, 19, 20, 21, 22, 23, 27). Asaresult it was found 
that the average temperature on the side of the body on which the 
operation had been performed was 103'45; the average on the side 
opposite to the operation was 103°6. We thus see that there is no 
appreciable difference in the temperature on the two sides after a rise 
of temperature has been caused by cerebral lesions. Often as in rabbits 
Nos, 2, 18, 19, 20, 21, 22, 23, the temperature on the two sides was 
sometimes absolutely identical. The reasons why the average is as low 
as 103°6, are that the temperature in the groin is difficult to take, and 
also that in the groin it does not usually reach as high as in the rectum, 
although this is not always the case. In man if a unilateral lesion of 
the brain causes a rise of temperature it is often higher on the side 
opposite the lesion. In a patient of mine in whom the corpus striatum 
on the right side was softened the temperature rose on the Jeft axilla to 
101, but in the right it was only 99; and in another patient in whom 
there was haemorrhage into the left caudate nucleus and optic thalamus, 
the axillary temperature rose to 103°4, and it was always a little higher 
on the side opposite the lesion. 
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TABLE IV. 


BRAIN LESIONS AND HEAT. 


EXPERIMENTS UPON THE EFFECT UPON THE BODILY TEMPERATURE 
OF LESIONS OF THE CORPUS STRIATUM AND Optic THALAMUS. | 


Rassit.. No. 1. 
Day.| Time. Rectal Temperature. Day.| Time. - Rectal Temperature. 
1 102 8 | 4} p.m.} 101 
2 102°4 43 ,, | Puncture and destruction 
3 102 R side 
4 101-4 7 101-2 
5 | 34p.m.| Puncture and destructi 102 ,, | 102% 
L side 9 | 104-4 

54 ,, | 1046 

af » | 103°8 L groin 102°4 3 p.m.| 103°8 

| 104 117 ,, | 1028 

12 ,, | 10 | llgam./ 102-0 
6 24 1024 11¢p.m.| 101°8 

105 ,, | 11 | 102-2 
2$p.m.} 4 p.m.| 101-4 Ether given, no 

54 ,, | 103 operation 

7 | 2,am.| 102 6} ,, | 102 

2 p.m.| 103 ,, | 102-2 

1038 12 am.| 1018 
8 102-6 10 p.m.| 101-9 

13 | 14, | 1023 


Autopsy. Two lesions almost symmetrical in the Optic thalamus about 3 mm. each 
way, about 5 mm, behind white commissure, and about 3 mm. from the middle 


line. Each was a yellowish patch. 
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12 HALE WHITE. 


Rassit. No. 2. 


Day.| Time. Rectal Temperature. | Day. Time. Rectal Temperature. 
1 102°6 7 | 4}3p.m.|} Puncture and destruction 
2 102 | R side 
4 | 3}p.m.| Puncture and destructio 1068 
L side 8 | 2}a.m.| 103-6 
8% ,, | 104-4 L groin 104-4 3 p.m.| 102°6 
R ,, 104-4 
12 ,, | 1056 9 | llgam. | 102-2 
5 | 105-0 p.m. | 102 
103 ,, | 103°8 10 | a.m. | 102-4 
24 p.m.| 104°8 4 p.m.| 101°6 Ether given, no 
54 ,, | operation 
6 | 24a.m.} 103°8 61 ,, | 101-4 
2 p.m.| 101°6 103 ,, | 101 
» | 102°6 11 | 10 a.m.| 102-4 
7 |12,am.| 103-6 _ p.m.} 102°8 
44 p.m.| 102-4 7 


Autopsy. LL side; lesion 1 mm. across in Corpus striatum near middle line just 
behind white commissure. R side; lesion 1 mm. across and 4mm. long in Optic 
thalamus but implicating white fibres of internal capsule. 


1 Rassit. No, 3. 
1 Day.| Time. Rectal Temperature. Day.| Time. Rectal Temperature. — 
1 102°8 7 | 4}p.m.| Puncture and destruction 
102 R side 
3 101°3 
4 | 3$p.m.| Puncture and destructi ll ,, | 1046 
L side 8 | 104 
5S ,, | 102-2 
3} » | 1038 L groin 102 3 p.m.| 103-2 
101-4 114 ,, | 1028 
12 ,, | 1038 9 |1lldam.| 101:2 

104 ,, | 103°8 3 10 | 1llgam.| 102°6 

2% p.m. | 106°0 4 p.m.| 102 Ether given, no 
54 ,, | 105 operation 
a 6 | 24a.m.} 61 ,, | 1018 
1 2 p.m.| 103°8 » | 102°4 
6 , | 1038 11 |10$a.m.| 106-2 
7 |124a.m.| 105-0 4-p.m.| 106-2 
ll ,, | 1028 10 ,, | 105-9 
44 p.m. | 102-2 


Autopsy. L side very extensive destruction, much of it recent, through front 
of deep part of Corpus striatum from middle line to outside of brain and implicating 
its base. There was much recent haemorrhage, so that probably the original lesion 
was in the white matter in front of Corpus striatum, and secondary haemorrhage 
into this structure caused rise of temp, on llth day. R side patch of destruction 
3 mm. across in Lenticular nucleus. | 
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BRAIN LESIONS AND HEAT. 13 
Rassit. No, 4. 
{ 
Day.| Time. Rectal Temperature. [Day.| Time. | Rectal Temperature. 
1| 2 102-2 4] 7 pm.} 1016: 
33 ,, | Puncture and destruction 103 ,, | 103 
L side 5 | 2ham.| 103°6 
54 ,, | 98-4 
» | 3 p.m.| 102 
12 102°6 112 ,, | 1036 
2| 2ham.} 103-4 | 6 | llgam.| 102°6 
10$ ,, | 102°2 117 p.m.| 1028 
24 p.m.} 102-4 | 7 102-6 
54 ,, | 103:2 4 p.m.| 102°2 Ether given, no 
3 24am.| 103 . operation 
2 p.m.| 101 of » | 1006 
» | 103 104 ,, | 100-2 
4 |12}a.m.| 104-2 8 |10 am.} 102-2 
ll ,, | 10 p.m.| 102-0 
44 p.m.} 103-0 9] 1}p.m.| 104-2 
| » | Puncture and destruction} 34 ,, | 104-2 
R side 


Autopsy. On each side there was a small lesion in the Lenticular nucleus 
between its outer and middle parts. On the base R side was a recent blood-clot which 
probably accounted for the rise of temp. shortly before death. 


Rassir, No. 5. 


Day.| Time. Rectal Temperature, Day.| Time. Rectal Temperature. 
103-2 6/11 am.| 102-2 
2 103-0 11 p.m.} 102°6 
3/11 am.| 1026 7 | ,, | 103 Cortex under tre- 
1 p.m.| Ether given, no operation phine hole torn 
5 ,, | 103 with probe 
1l_ ,, | , 1032 
4/11 am.| 102°6 | 8.| 2 am.| 102°6 
5 | 4 p.m.| Dummy operation, Dura 
mater cut, needle pushed J. 6 103 
a little way into brain} 9 |10 a.m.| 10274 
9 pm.| 104°6 11? p.m.| 102 
11} ,, | 10 |11 am.} 102-2 


Autopsy. A superficial destruction of cortex, about 2 mm. in area. 
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14 W. HALE WHITE. 
Rassit. No. 6. 
Day.| Time. Rectal Temperature. Day.| Time. Rectal Temperature. 
1 103°8 9 | 11¢p.m.} 102-6 
2 10 | 11 am.}| 1026 
3 am. 1028 34 p.m.| Puncture and destruction 
1 p.m. | Ether given, no operation | L side 
5B | 103-4 | 6 , | 104-4 
ll 10 ,, | 103°6 
am.} 1018 11 | 10 am.| 104°2 
5 | 4 pm.| Dummy operation L side. 10 pm.}| 103-2 — 
Dura mater pricked. 10 a.m.| 102°4_ 
9 , | 103 12 | 3 p.m.| 102°8 
114 ,, | 1026 3} ,, | Puncture and destruction 
6 am.| 103-4 Rside 
11 p.m.| 103-0 74 ,, | 
7 _ 5, | 102°8 Cortex superficially} 13 | 2 a.m.| 103°6 
phine hole 10 p.m.| 102°2 
138 14; 2 ,, | 1026 
8 | 2 am.| 102°6 10 ,, | 1036 
10. 15 |10 am.| 102°9 
6 p.m,| 102-4 10 pm.| 102°5 
9 (10 am.| 103 16 {10 am.| 102-5 


Autopsy. side. Inner part Lenticular nucleus and just touching Optic thala- 
mus, a lesion 1 mm. wide 3mm. long. R side. In Optic thalamus lesion is a slit 
about 4mm. long from before backwards. 


one 
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RABBIT. 


103°6 

101°6 

Ether given, no operation 

102-4 

103-0 

102°6 

Dummy operation, dura 
mater pricked 

103 

102°6 

102°2 


102°6 Cortex slightly de- : 


stroyed under tre- 
phine hole 

102-4 

102 

101°6 

101-4 
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102-0 
102-4 
Puncture and destruction 
L side 
103-8 
103-4 
102-2 
102-4 
102-3 
102°6 
and destruction 


e 
103:1 

102°8 

102-9 

102-2 

105-9 

104°6 

103 

103 

103°1 


Autopsy. Lside. Lesion just outside Corpus striatum in white matter, the Cor- 
pus stratum may have just been touched but no more. R side. Extreme destruction 
of Corp. striat. and front of Optic thalamus, the original lesion could not be made out, 


because of the large amount of — haemorrhage which explained the late 
rise of temperature. 


a 

No. 7. 

9 | 11} p.m. 

10 |11 am. 

3} p.m. 

1 p.m. 

q Ik 5, 10 ,, 

q 4/11 ‘am. 11 |10 am. 

4 5 | 4 pm. 10 p.m. 

3 

14| 2 om. 

l p- m. 

4 9 p.m. 

4 8 | 2 a.m. | 
q 10 ,, 16/10 am. 

6 p-m. 0 p- m. 
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Rassit. No. 8. 


Time. | 


Day.| Time. Rectal Temperature, Day. Rectal Temperature. 
1 {11 am.| 1026 8 | 3}p.m.| Puncture and destruction 
1 p.m.| Ether given, no operation L side 
5 , | 1038 6 , | 103 
,, | 1028 10 | 103 
2/11 am.| 102°4 9/10 103 
3 | 4 p.m.| Dummy operation, dura 10 p.m.| 103-1 
mater pricked 10 |10 am.} 103-2 
9 ,, | 103 11 | 3$p.m.| 102-4 
113 ,, | 103 32 ,, | Punctureand destruction 
4/11 am.| 1028 R side 
1l p.m.| 103-2 
5 | 4  ,, | 102-8 Cortex under tre-] 12 | 2 am.; 103-4 
phine hole dest. ll, | 1034 
9 , | 1038 : 10 p.m. 103°3 
6 | 2 am.| 103-2 y | 
10 ,, | 103. 10 ,, | 103 
6 p.m.| 102°6 14 |10 am. 103 
7 am.} 102-6 10 p.m.| 103 
113 p.m.| 103 am. 103°5 
8 11 am.}| 103-2 


Autopsy. L side. A lesion, which has destroyed 
striatum. Reside. A sail: in the white matter siaiaiel the Optic thalamus. 


the front of the Corpus 


Rassit. No. 9. 
Day.| Time. Rectal Temperature. Day.| Time. Rectal Temperature. 
1} 4 103 6 | 6 pm./} 103°8 
41 ,, | Dummy operation, dura 10 ,, | 104 
mater pricked 7110 am.| 101°8 
9. » p.m. | 101-7 
113 ,, | 1022 8 |10 am.} 1017 
2/11 am.| 101° 9} 3 p.m.} 101 
ll p.m.| 101% 3} ,, | Puncture and destruction 
3 » | 102°6 Cortex under tre- R side 
| phine hole dest. 74 4, | 1018 | 
9 , | 1024 2 am.| 101-1 
2 am.| 102-4 
,, | 102-2 10 p.m.} 101-4 
6 p.m.| 101°8 12 The temp. rose after this | 
5 {10 101°8 but probably be- 
11? p.m. | 102 cause of parturition, 
6 {11 am.| 102-2 several young being 
| 3} p.m. ron = destruction born. | 
si 


Autopsy. IL, side. A very extensive lesion destroying both C 
Optic thalamus (probably the rise of temperature was not 


and 


orpus striatum 
greater because of the 


shock of so much destruction). R side. A small lesion just outside both the Corpus 
striatum and the Optic thalamus, and in the angle between the two ; it was entirely 
in the white matter. 
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W. HALE WHITE. 


Rasert. No, 10. 


Day.| Time. Rectal Temperature. Day.| Time. Rectal Temperature. 
1| 4 p.m.| 101-4 6 |10 p.m.| 103-4 
44 ,, | Dummy operation, dura} 7/10 am.| 1028 
ue mater cut 10 p.m.} 103-0 
112 ” 102°2 : 9 3 p.m. 103 
2/11 102 34 ,, Puncture and destruction 
{11 p.m. |} 102 R side 
3| ,, | 101 Cortex under tre- 
phine hole dest. | 10 | 1 a.m.}| 1062 
4/2 am.| 102 1 p.m.| 106:2 
0 4 S ye 
6 p.m.| 101-2 10 ,, | 1051 
5 |10 am.| 101-4 
11? p.m. | 101°2 ,, | 1045 
6 am.| 101°4 12 |10 am.| 103°5 
3} p.m. | Puncture and destruction 10 p.m.| 103°6 
L side 13 |10 am.| 103°1 
6 p.m.| 1018 


Autopsy. On both sides the lesion was at the base. L side, it was far forward 
just under front of Corpus striatum. R side, it had destroyed a large area of grey 
matter just below the optic tract and near the middle line. The lower part of 
Corpus striatum was extensively implicated. | : 


Rassit. No. ll. 


Day.| Time. | Rectal Temperature. Day.| Time. Rectal Temperature, 
1|10 am.| 99-2 Puncture and de-}] 4 p.m.| Puncture and destruction 
| , struction L side R side 
103 ,, | 97°6 5 ,, | 98 
1 p.m.| 96 3 | 91am.} 
» | 968 24 p.m. | 102°5 
54 ,, | 100 4 am./ 101°6 
2/10 am.| 976 10} p.m. | 102°5 
2 p.m.}| 100°3 


Autopsy. L side, a small lesion entirely in front of the grey matter of the 
Corpus striatum, R side, a similar one, but it almost, if not quite, touched the 
Corpus striatum, Why this animal’s temperature.was so low I do not know. ‘The 
animal was kept alive for a month after the last observation. Its temperature was 
never above what is normal for a rabbit, ; 
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Rassrr. No. 12. 


Day. Time, Rectal Temperature. 
1 | 2 po.’ | 102 
R side 

2 103 

102°4 

3 11} a.m. 102°4 

4 p.m. 101°8 


Autopsy. A large haemorrhage in the white matter to the front and outer part 
of the Corpus striatum on the R side. 


Rassit. No, 13. 
rd ; 
ey Day.| Time. Rectal Temperature. [Ps Time. Rectal Temperature. 
of 
1| 3 pm} 102 | No temp. taken 
3} ,, | Destructionand puncture] 5 | 2 p.m.| 101°2 
L side Destruction and puncture 
114 ,, | 104-4 R side 
2 | llgam.j 103 R groin 102-2 5 ,, | 99 Partial L hemiplegia 
L , 1022 6 |124am.| 998 
4 p.m.| 103-4 BR groin 102-4 124 p.m. | 100°8 
L , 1014 » | 988 
,, | R groin 1006 95 | 1008 
,, 101°6 Ti 364 
3 1lld}am.| 102-2 2 
4 p.m.| 102°6 9; 2 , | 97-4 
Autopsy. RK side much destruction of brain tissue at base, quite enough to 
explain the hemiplegia and also the fall of temperature from shock, although | 
probably the Corpus striatum was implicated. L side, small patch of softening 
touching the outer border of the lenticular nucleus but not implicating it. 
the 
the | 
The 
was 
PH. XI. | 2 


> 
‘Sy 
2 
j 
ifs 
3 
AN 
ag 
Ne 
2 


18 | W. HALE WHITE. 


L side, small lesion in white matter in front of Corpus striatum. 
Reide exactly in Conger ream just where the white commissure passes through it. 


Rassit. No. 14. 
Day.| Time. Rectal Temperature. Day.| Time. Rectal Temperature. . 
1} 5 p.m.| 102 7111 am.| 102-4 
,, | 101°6 4 p.m.| Puncture and destruction 
3110 am.| 1026 113 ,, | 1056 
10 p.m.| 102°4 8 am.| 105°6 
4110 am.| 102 4 p.m.| 105-2 
p.m. Funovare and destruction ,, | 104 
L side 9; 8 , 1018 
6 ,, | 1026 li. 1 
10 ,, | 103-4 10 |11 am.} 103 
5 110 am.| 1033 11 103 
10 p.m.} 102 11 am.| 1028 
q 6/10 am.}| 103-1 | 11 p.m.| 102°6 
11 p.m.| 103-2 12 |11 am.} 102°4 


Rassir. No. 15. 
Day.| Time. Rectal Temperature. Day.| Time. Rectal Temperature. 
1| 3 pm.| 103-2 5 |11 p.m.| 102 
: 1 , | Puncture and destruction] 6| 3 » | 101 
L side 1l_ ,, | 1016 

10 ,, | 103-4 11 p.m.} 101-4 
2110 am.| 102°8 8/11 am.} 101 

10 p.m.} 101-0 11 pm.} 101 
3110 am.} 101 -| 9/10 am.} 1008 
pm.| 101-5 4 p.m.| Puncture and destruction 
4/11 am.} R side 

4 p.m.| 104:4 72 4 | 102-4 

“8, 11088 10 | 102-2 

ll ,, | 102-4 103 ,, | 102-2 
5 |10 am.| 102 8 p.m.} 101°6 

4 p.m.| 102°2 11 |11 am.| 


Autopsy. L side. Large lesion in the white matter outside about the middle of 
the Corpus striatum. It was almost, if not quite, in contact with it and some 
secondary breaking down might easily have caused the rise on the 4thday. R side, 
lesion occupying almost the whole of the genu of the internal capsule but not 
implicating grey matter. 
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BRAIN LESIONS AND HEAT. 


Rassit. No. 16. 
Day.| Time, Rectal Temperature, Day.| Time. Rectal Temperature. 
1} 11 p.m.} 102°4 5 {11 p.m.| 102°6 
am.| 102-5 6 am.| 102-4 
4 p.m.| Puncture and destruction 11 p.m.| 103-2 
| L side 7 am.| 102-4 
8 , | 1028 4 p.m.| Puncture and destruction 
,, | 1038 | R side | 
3110 am.| | 74, | 101 | 
4 p.m.| 103 8 | l}a.m.| 105 
,, | 103-4 104 ,, | 104-2 
4; 3 ,, | 1022 8 p.m.| 104-2 
108-2 9 {11 am.| 101 Mad age 
6 |11 am.} 104 | 


Autopsy. L side, a considerable destruction of white matter in front of Corpus 
striatum, no implication of grey matter. The later temperatures are worth nothing, 
for there was an abscess occupying the white matter of the brain near the surface ; 
it had shortly before death burst under the dwra mater causing the paralysis and 
fall of temp. “This is the only case which suppurated. 


Rassit. No. 17. 
Day.| Time. Rectal Temperature. Day.| Time. Rectal Temperature. 
1 | 124 p.m.} 102 4 3 p.m.| 102°8 Puncture and de- 
» | 1036. | struction L side 
102 ,, | 103 
p.m. | 103-2 5 | 
34 ,, | Puncture and destruction p.m.| 104°8 
R side 4 , | 1049 
5 , | 1002 ,, | 104:2 
3 am.| 1025 6 | 94am.| 102 
12 ,, | 102°4 | 2 p.m.} 103 
3 p.m.| 44 ,, | 1028 
» | 6 , | 103 
4| 9$am.} 102 7 {10 am.| 102°6 
11} ,, | 
Autopsy. L side, snchleieils part of front of Corpus striatum destroyed. 
R side, small lesion in external capsule, white matter only. 
Rassir. No. 18. 
2| 4 p.m.| Puncture anddestruction] 5 | 4 p.m.| 102°4 
L side 6 » | 102 
3 {10 am.} 103 am.}| 102-6 
2} p.m.| 103-4 L groin 103 54 p.m. | 103 
R , 103 8 am.}| 102-6 
4 ,, | 103°4 L groin 102-4 4 p.m.| 
R , 102-4 
Autopsy. A small lesion in the external capsule rather nearer the front than the back. 
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W. HALE WHITE, 
Rassit. No. 19. 
Day. | _—‘Time. Rectal Temperature. 

1 -101°8 
2 102'8 
3 103 
4 4 p.m. | Puncture and destruction L side 
5 "it a.m. 103°4 | 

p.m. | 1028 Lthigh R thigh 

1032 102 » 102 

6 10 a.m. 

5 pm, | 1038 Lthigh 103 R thigh 103-2 


utopsy. Lesion, L side, in the white matter of the external capsule touching 
outer border of Corpus striatum, implicating claustrum, not reaching to grey cortex. 


Rassit. No, 20. 
Day.| Time. Rectal Temperature. | Dey. Time. Rectal Temperature. 
1| 24pm.} 101 9/11 pm.| 102 
» | 1008 10 | 94a.m.| 102°6 
2 |105am.} 101 54 p.m.| 103 
44p.m.| 102-2 11 | 10$a.m.| 102°6 
3] 9$am./ 101 6 p.m.| 102 
104 ,, | Puncture and destruction} 12 | 10}a.m. | 102-2 
| L side 114 ,, | Puncture and destruction 
123 p.m.| R groin 101 R side 
,, 1004 1. pm.| 1042 R groin 104-4 
2 ,, | 1026 | L ,, 1042 
3, | 103 R groin 100 3, | 1064 R groin 1057 
L , 1057 
53 ,, | 103-7 R groin 11 ,, | 105-1 BR groin 104-4 
| L , 1048 
10 ,, | R groin 102:2 1112 ,, | R groin 104-4 
L , 1016 L , 1046 
4/3) ,, | 1038 R groin 103-8 | 13 |10fam.| 1052 R 105-4 
| Ls, 1038 Ls, 1054 
103 ,, | 105 RB groin 2 pm.| 106 RB groin 105-6 
L , 104-2 ,, 105-2 
5 | 94a.m.| R groin 103-0 6 ,, | 106-7 R groin 106-4 
74 p.m.| 104-6 R groin 103°4 103 ,, 5 in 104 
L 104°4 L ,, 1043 
R 
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No, 20 (continued). 


-Day.| Time. | Rectal Temp. |Day.| Time. | Rectal Temp. Day.| Time. | Rectal Temp. 


16| 3 pm.| 1022 [33 103-2 49 102-6 
| 34 103-4 | 50 102-6 
19| 1} ,, 101 36 1028 | 52 102:4 
20 |10 a.m. 101°8 37 102°6 53 103-0 
22 |103 ,, 101-2 102 54 102+2 
| 23110 ,, 1024 | 39 103-4 55 102°8 
24/11 | 1098 | 40 103-2 | 56 102 
25 ,, 102°8 4] 102 57 103-2 
26 | 114 ,, 1008 |42| 1027 2 103 
27 |104 ,, | 43 | 1024 | 59 102:8 
28 | 103 ,, 103 4-44 103-2 60 | 101°8 
29 |10_,, 1026 | 45 1028 | 61 102-4 
30) 1016 | 46 103°2 62 102°6 
31 |}}morning} 1026 | 47 101°8 63 102°8 
32 103 48 103-4 64 102-2 
q Autopsy. Lesion same position both sides, small destruction in Corpus striatum 
"7 near middle line close to white commissure. 
Rassit. No. 21. 
1 Day.| Time. Rectal Temperature. Day.| Time. Rectal Temperature. 
1 | 24pm.| 103 3 | 6 pm.| 1064 R groin 1064 
101°8 | 106 
2 {11 am} 1016 103 ,, | 106-4 R groin 106 
4 p.m.| 1026 L , 1054 
3 | 9$a.m.| 101°6 | 4 | 3h ,, | 105-2 R groin 105 
10 ,, | Punctureand destruction] 4063 
side 11 ,, | 1048 R groin 104-2 
124 p.m.| 105°4 R groin 105°8 1033 
L , 1044 5 {10 am.| 1042 R groin 104:2 
2 ,, | 1068 R groin 106-4 L ,, 1042 
L 106-4 7 p.m.| 1038 BR groin 102'8 
3, | L , 1032 
6 am.| 103 


Autopsy. Anterior part L caudate nucleus completely destroyed. 
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W. HALE WHITE. 
Rassit, No, 22 
Day.| Time. | Rectal Temperature. Day.| Time. Rectal Temperature. 
1 | 2 p.m.} 1009 4 | 3 pm.| 101-2 
23 ,, | Puncture and destruction 34 ,, | Puncture and destruction 
R side L side 
114 ,, | 1028 RB groin 101°8 5 ,, | 101-2 : 
L , 101 113 ,, | 105°2 
21/1 =, ‘| 1036 R groin 1028 5 | 1ll¢am.| 103 
24 p.m.| 103°8 
4 ,, | 1026 94 ,, | 103 
4 p.m.| 101°4 ,,. | 


Autopsy. RB side. considerable desteicthin of the Lenticular nucleus. L nie 
lesion in the posterior part of the caudate nucleus. 


Rassit. No, 23. 


102-2 
24 p.m. Puncture and R side 

» | 1068 L groin 103-4 R groin 101-8 
3 lam. | 1056 


no 


11} ,, 102-8 
8 pm. | 1006 
4 2 am, 99 
2 p.m. 98-4 
103 ,, 97:0 


Autopsy. It was clear ‘hhitnipiatenitesion sees in the front of the right Corpus 
striatum but that there had been most extensive secondary haemorrhage which had 
ploughed up the front of the brain on both sides and had caused the fall of 
temperature before death. 7 
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Rassit, No. 24. 
Day.| Time. Rectal Temperature. Day.| Time. Rectal Temperature. 
1 101 8 | 2 am.| 103-2 
2 103°8 2 p.m.| 102°5 
3 Not taken 6 , | 1026 
4 102 ,, | 102°8 
5 9 |11 am.| 102°6 
6 | 3 p.m.| Puncture and destruction 44 p.m.| 102°8 
L side » | Puncture and destruction 
5i | 103-4 R side 
9 , | 1028 7 5 | 1029 
113 ,, | 104-4 1l_ ,, | 1018 
7 | 2 1038 10 | 2$a.m.| 101 
104 ,, | 102°8 99 
24 p.m.| 104°8 3 p.m.| 
54 ,, | 1034 98 


Autopsy. 1 side front part of Caudate nucleus destroyed. R side extensive 
destruction of Optic thalamus and lenticular nucleus (its posterior part) ; there was 
much bleeding, quite enough to account for the fall of temperature. 


Rassir. No, 25. 
Day.| Time. Rectal Temperature. Day.| Time. Rectal Temperature. 
1 |10 am.| 103-8 6 | 4 p.m.| Puncture and destruction 
10 p.m.| 103°6 R side 
2 |10 am.} 102°5 8 , | 1056 
10 p.m.} 103-1 11? ,, | 1058 
3 |10 am.| 102-9 | 7 106 
3 p.m.} Puncture and destruction 4 p.m.} 104-2 
L side 1l_ ,, | 104 
6 , | 1028 8 3 , | 
10 ,, | 1055 , | 103 
4 1 am.} 1055 9 |11 am.| 102-4 
10 ,, | 1045 1l p.m.} 102-2 
10 p.m.| 103°5 10 |11 am.| 102 
5 {10 am.} 102-2 11 p.m.| 103-2 
11 pm.| 102-6 11 }11 am.| 1024 
am. | 102-3 | 


Autopsy. I side large patch of softening in the Optic thalamus. Rside a small 
lesion in the Corpus striatum just where the white commissure gets lost in it. 
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Day.| Time. Rectal Temperature. Day.| Time. Rectal Temperature. 
| 11pm. | 103-4 5 {11 p.m.} 102-4 
2 | Ilam. | 103 6/11 am.} 102 
4p.m. | Punctureand destruction} p.m.| 102°8 
L side 7 {11 am.} 102°6 
8 ,, | 104-2 4 p.m.| Puncture and destruction 
11 ,, | 1042 R side 
38 | 10am, | 1042 74 ,, | 1036 
4p.m. | 104-2 114 ,, | 1044 
il: 8 |10a.m.} 103 
4/1 3 ,, | 1004 8 
it 102-2 9/11 am.| 103-4 
5 | llam. | 104-2 | 
Autopsy. L side front of caudate nucleus partially destroyed. R side a lesion 
about 3 mm. each way in the Optic thalamus. . 
Rassit. No. 27. 
Day.| Time. Rectal Temperature. Day.| Time. Rectal Temperature. ’ 
1} 2 p.m.| 102-4 | 3 | 1123 p.m.} q 
», | Punctureand destruction} 4.|11 a.m.| 102-4 
L side 4} p.m.| 102°8 : 
54, | 1026 5 ,, | Puncture and destruction j 
9 ,, | 1048 R groin 104 R side ‘ 
,, 1028 7 4 | 1012 
112 ,, | 1046 ills, | 1048 4 
25a.m.} 104-4 5 | 2} 104-2 
103 ,, | 1038 ,, | 101-4 
24 p.m.| 102°6 3 p.m.| 102-2 
5A | 102°6 114 ,, | 100 
3 | 2$a.m.| 1024 6 }11 am.| 101 4 
2 p.m.}| 1008 11 pm.| 101°8 
Autopsy. Two large patches of destruction, one in the centre of each Optic \\ 
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THE KNEE-JERK AND ITS PHYSIOLOGICAL MODIFI- 
CATIONS. By H. P. BOWDITCH, M.D., Professor of 
Physwlogy, Harvard Medical School, anv J. W. WARREN, 
| Instructor in Physiology, Harvard Medical School. 


_ THE study of the modifications of the knee-jerk brought about by © 
the simultaneous activity of other portions of the nervous system is 
important both on account of the evidence as to the real nature of 
the knee-jerk which may thus be obtained and because an investigation 
of these phenomena is likely to throw light upon the mysterious 
processes of the central nervous system. — 

That the exaggerated tendon reflexes observed in certain diseases 
of the central nervous system can be inhibited by the stimulation of 
the skin or of the peripheral nerves has been noticed by various 
observers’, but the reflexes thus inhibited were in nearly all the cases 
reported the clonic movements produced under morbid conditions by 
stretching the tendons of the muscles concerned... Erb, however, 
mentions a single case of myelitis from compression in which the 
tendon reflex as well as the trembling of the legs were stopped at once 
by pinching the skin of the abdomen. 

There is good reason to believe that the mechanism of these clonic 
movements is the same as that of the ordinary knee-jerk, and it might 
therefore naturally be expected that both phenomena would be simi- 
larly influenced by peripheric nerve stimulation, but that the normal 
knee-jerk of a healthy individual can be thus inhibited has not yet, as 
far as we are aware, been a matter of recorded observation. 

On the other hand the reinforcement of the normal knee-jerk by 
various forms of activity of the nervous system has during the last few 
years been made a subject of careful study by many independent 
observers. Jendrdssik’ first called attention to the fact “that if, 
when the patellar tendon is struck, the patient clinches the hand, or 


1 Of. Nothnagel, Arch. f. Psych. v1. 8. 882, 1876. Lewinski, Arch, f. Psych. vn. 
8. 827, 1877. Erb, Ziemssen’s Handbuch d. spec. Path. u. Ther. 1, Aufl. XI. m. 8. 59, 

* Jendrdssik: ‘‘Beitrige zur Lehre von den Sehnenreflexen.” Deutsches Arch. f. 
klin. Med. 1883, xxxu1,_177. 
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makes other violent movement, the coincident jerk is increased.” He _ 
also thought that stimulation of the sensory nerves had a similar 
influence upon the tendon reflex, but considered his experiments on this" 
point incomplete and that such an influence was more ciitieate of 
determination. 

Mitchell and Lewis’, in a careful study of the circumstances 
which increase and those which lessen the knee-jerk, observed a 
reinforcement consequent not only upon volitional acts directed to — 
other parts of the body, but upon painful stimulation of the nerves of 
_ the skin either by pinching or by the application of heat, cold or 
electricity. A similar reiforcement was noticed when the eyes were 
exposed to the light of burning magnesium wire. A considerable 
normal variation of the knee-jerk was noted by these observers and 
some of the causes thereof were determined. 

The variations of the normal knee-jerk were further studied by 
Lombard’, who demonstrated that “fatigue, hunger, enervating weather 
and sleep, conditions which decrease the activity of the whole central 
nervous system, decrease the average knee-jerk, while rest, nourishment, 
invigorating weather and wakefulness, influences which increase the 
activity of the central nervous system, increase the average knee-jerk.” 
Thus it was found that there was a diurnal variation in the knee-jerk, 
the maximum occurring as a rule in the morning soon after breakfast. 
Sensory irritations, voluntary movements and strong emotions when 
synchronous with the blow, were found to increase the knee-jerk. 

The statement by Mitchell and Lewis’, “ that the muscular action 
or circuit closing, must precede the tap, in order to reinforce it, by a 
period which is, as yet, undetermined,” suggested the importance of 
studying the exact relations in time between the knee-jerk and the 
reinforcing act, and the experiments here recorded were undertaken 
with the object of throwing light upon this subject. 

A brief preliminary report of some of the earlier results which were 
obtained was presented at a meeting of the National Academy of 
Sciences at Washington, April 17th, 1888‘, and the present paper has 
for its object to place upon record a detailed account of the method of 
research together with such conclusions as seem to be justified at the 
present stage of the investigation. 


1 Medical News, Feb, 18 and 20, 1886. 

2 American Journal of Psychology, t, 1. 1887. 

3 loc. cit.’ Reprint, p. 24. 

4 Boston Med. and Surg. Journal, May 31, 1888. 
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In these experiments it was necessary : 

(1) To deliver upon the same part of the ligamentum — 
a series of blows of constant intensity and direction. 

(2) To record the extent of the knee-jerks thus produced. 

(3) To study the effect upon the knee-jerks of calling the central 
nervous system into momentary activity either by voluntary motor 
impulses or by sensory impressions standing in definite time — to 
the blow upon the tendon. 

The pieces of apparatus employed in the research were therefore 
the following : 

(1) An electrical hammer. 

(2) A recording apparatus. 

(3) A pendulum interrupter. 


Description of Apparatus, 

In order to secure a certainty that the blow would always fall upon 
the same point during each experiment Rosenheim’s’ plan of attaching 
the hammer to the lower leg was, after some preliminary experimenting | 
with other methods, finally adopted. This portion of the apparatus 
is shown in Fig. 1. The light wooden hammer H, and the electro- 


magnet M, holding it uplifted, were fixed upon a splint-like covering 
made of plaster of Paris and coarse gauze enclosing the lower leg. = 


Arehiv fiir Psych., xv. 192. 
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force of the blow was regulated by the tension of a spiral spring S, 
which drew the hammer toward the knee when it was released by the 
breaking of an electric current controlling the magnet. The straps, 
B, B, B, served to secure the apparatus to the leg, and the rings L, L to 
suspend the leg from the ceiling as shown in Fig, 2. 
_ The subject of the experiment lay upon his right side with the left } 
knee slightly bent (Fig. 2) and the internal condyle of the left femur 
resting upon a fixed support, the position being essentially the same as 

that adopted by Lombard’. 


The lower leg was thus free to swing in a horizontal plane round » 
the knee joint as a pivot, and its movement, reduced by a system of 
levers to one sixth of its extent, was recorded by a pen P, upon the 
smoked surface of a cylinder revolving once an hour®. Photographic 
reproductions of such records are given in Figs. 10, 11, 17, 18. To f 
facilitate the adjustment of the apparatus and to secure greater uni- : 
formity in the blows the subject of the experiment wore trousers with 
the left leg removed so that only a single thickness of underclothing ts 
separated the skin and the hammer. The choice of the left leg in 4 
these experiments was quite accidental and due merely to the arrange- 
ment of the rooms in which the experiments were made. 


1 Am. Journal of Med. Sciences, Jan. 1887. 
2 For a description of this slowly revolving cylinder see This Journal, v1. 423. 
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In some of the earlier experiments on muscular reinforcement in 
which the time between the reinforcing act and the blow on the tendon 
was less than 0°5’, a small pendulum myograph’* (Fig. 2, D) furnished 
with adjustable keys was used to break two electric circuits, one 
controlling the magnet holding up the hammer at the knee, and the 
other an electric bell B, a stroke of which on the breaking of the 
circuit was the signal for the reinforcing act. 

It was soon found necessary to study the effect of much longer 
intervals, and for this purpose a pendulum, constructed on the principle 


Fie, 3. 


of the metronome and making a single vibration in 5” was employed. 
Fig. 8 gives a general view of this piece of apparatus. It consists of a 
straight bar of wood 155 cm. long and 10 cm. broad turning on knife 
edges near its centre and bearing at its ends two discs of lead A and B, 
each weighing about 5 kilos. The upper disc is adjustable in a vertical 
slot by means of a screw C, so that the rate of vibration of the 


1 Invented and described by Dr J. J. Putnam, This Journal, 11. 206. 
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S . pendulum may be regulated. A small lead weight D, adjustable on a 
horizontal rod, makes it possible to so balance the instrument that when 
at rest it shall remain absolutely vertical. A thin wooden board #£, 
designed to carry a smoked card for receiving a record, was so arranged 
as to be readily attached to the pendulum by a spring catch F. The 
arrangement of this board as well as the construction of the lower part 
of the pendulum and of the keys which it opened in its movement can 
be best understood by reference to Fig. 4, which represents this portion 
of the apparatus on a larger scale. It will be noticed that the record 
board £ bears upon its surface a set of lines radiating from the axis of 


. 


it 


\ 


4. 


motion of the pendulum. The distance between these lines represents 
the motion of the pendulum in each tenth of a second during its 
vibration. They can be readily drawn upon any smoked card which is 
placed upon the record board by laying a ruler upon guiding lines 
engraved on the brass borders which hold the card upon the board. 
The position of these guiding lines has been determined by careful 
experiments with a standard tuning-fork and a Depréz signal magnet. 
Just below the record board above described a strip of brass @ 4 
projects perpendicularly from the surface of the pendulum, being held __ . 
firmly in this position by an angular brace. As the pendulum swings 
this strip strikes against and opens the two keys H and J, which are 
adjustable in parallel grooves on a horizontal board behind which the 
pendulum moves and which bears upon its surface a graduation in 
tenths of a second corresponding to that upon the record board. It is 
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thus possible by properly adjusting the keys to vary the interval of time 
between the opening of the two electric circuits to any desired extent. 
The adjustment of the keys takes place by means of rods with screw 
threads cut upon them running the whole length of the board and 
turning, by means of a crank, J, in a nut placed in the base of each of — 
the keys. For more rapid adjustment the nut of one of the keys is 
split so that the key can be rapidly moved by the hand to any desired 
position and then more accurately adjusted by the crank. 

If it is desired to change the position of the key rapidly and fre- 
quently the nut is removed, and the key, when moved by the hand, is 
made to communicate its motion by a string and pully, not shown in 
the figures, to a pen writing on the revolving cylinder below the knee- 
jerk record. The interval between the reinforcing act and the knee-— 
_ jerk in each observation is thus automatically recorded. This form of 
automatic record is shown in the curves which are reproduced in 

Figs. 17, 18. 
: A noiseless opening of these keys is secured by drawing a piece of 
_ thin rubber tubing over the movable vertical portion which comes in 
contact with the brass strip G, and allowing it, when struck, to fall into 
a groove filled with a plug of cotton wool. 

The device for starting the pendulum and catching it again when it 
has completed its double vibration is shown at K, L, M. A spring 
catch K, fastened to the lower end of the pendulum, when held by the 
tooth L, keeps the pendulum from swinging. This tooth is attached to 
one end of a rod running under the board carrying the keys, and turns 
on its axis in bearings fastened to the edges of the board. To the 
other end of the rod is attached a lever M, which when raised carries 
the tooth Z and with it the catch K to the right. After the pendulum 
has thus been carried backward a few millimeters, the tooth Z slips 
out from the catch K, and the pendulum is free to swing. The lever 
M is then lowered and the tooth brought back to its former position, 
where it receives and holds the pendulum on its return, for the latter, 
having begun its movement from a point a little more distant from 
the position of equilibrium, has sufficient momentum to carry the catch 
_ over the tooth ZL. 

In using the record board it is of course important that the 
recording pen should be in contact with the smoked surface only 
during the forward movement of the pendulum. This is accomplished 
by carrying the recording pen (a Depréz magnet N) upon a holder 0, 
the vertical portion of which is furnished with a rack and pinion 
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movement P, and is adjustable round its own axis, being carried 
by a spring (Q in Fig. 5) in such a direction as to remove the pen 


| 


| 


= 


N from the smoked surface. Fig. 5 shews the mechanism by which 
the movement of the lever M is made to regulate this adjustment. 

A strip of brass, R, moves horizontally in bearings fastened to the 
front edge of the key-board. By means of a connecting rod of adjustable 
length this strip may be attached to the lever M, as shown in Fig. 4, so 
that whenever the lever is raised and lowered the strip fi is pushed to 
and fro in its bearings. 

Fastened to the front of this strip is a block of hard rubber, S, 
having at one end a wedge-shaped form. Against the face of this 
block rests the vertical portion of a short brass rod 7, bent at right 
angles and fastened securely to the base of the holder. The spring Q 
_ keeps the rod 7’ pressed against the block S, and the latter therefore, 
as its wedge-shaped portion moves to and fro behind the rod 7, gives to 
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the vertical portion of the holder a movement around its own axis. 
Thus when the lifting of the lever M starts the pendulum, as above 
described, the same movement applies the pen to the surface of the 
record board and, when the pendulum has completed its forward swing, 
the lowering of the lever, which brings the tooth Z into a position to 
receive the catch K, also removes the pen from the record board and 
thus prevents the blurring of the tracing and any injury to the pen 
which would result from its remaining in position during the backward 
swing of the pendulum. 

It is of course necessary, in a series of experiments, that the result 
of each observation shall be recorded on a separate line. This is accom- 
plished automatically as follows. When the brass strip R is moved to 
the left in the manner above described, the rachet V, attached to it, is 
carried against the teeth of the spur wheel U and turns it a short 
distance round its axis. This movement winds up a thread on the axis 
of the spur wheel and unwinds it from a drum, W, on the axis of the 
rack and pinion movement. By this means the pinion and with it the 
recording pen is drawn downward a distance determined by the size of 
the drum W, relatively to that of the one on the axis of the wheel U. 
When the brass strip R is moved to the right, the rachet V slips past 
two teeth of the spur wheel and is ready for another movement. 

It will thus be seen that the raising of the lever J, besides starting 
the pendulum, applies the pen to the surface of the record board and — 
draws it down, so that the tracing is made upon a fresh portion of the 
smoked surface. Whenever normal knee-jerks are to be studied it is 
evidently unnecessary to use the record board on the pendulum. This 
recording apparatus is then disconnected by detaching the lever M 
from the brass strip R, until a reaction time or other evidence of a 
reinforcement is to be recorded. By this arrangement it became 
possible to make a clear record upon one card of all the reaction times, 
eighty or more in number, belonging to an experiment of an hour's 
duration with muscular reinforcements. 

The following reinforcing acts were studied with reference to their 
effect upon the knee-jerk. 

(1) A voluntary muscular movement. 

(2) A sudden auditory stimulation. 

(3) A sudden visual stimulation. 

(4) A stimulation of the skin or mucous membrane by a sudden 
blast. of air. 

The voluntary muscular reinforcement was , produced i in response to 
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a stroke upon a small electric bell [Fig. 2, B] caused by the opening of 
one of the keys (which may be called the reinforcing key) by the 
swinging pendulum. The muscular act was a short vigorous clinching 
of the right hand upon a piece of wood, shaped somewhat like a tuning- 
fork, and furnished with metallic tips so adjusted that a slight pressure 


would bring them into contact, and thus close the same electric circuit 3 ~= = 
that was opened when the bell was struck. As this circuitalsoincluded  — | 


a Depréz signal-magnet writing upon the record board of the pendulum, 
the reaction time of the individual was determined for each observation. 
The importance of these determinations will be seen in the discussion of 
the results. 

The sudden auditory stimulation was produced by dropping a large 
paper torpedo near the head of the individual experimented on. The 
dropping was effected by placing the torpedo in a small pan turning on 
a hinge and held up by an electro-magnet controlled by a circuit 
containing the reinforcing key. 

* The visual reinforcement was produced by a flash of light caused by 
the sudden opening and closing of a stop-cock in a gas pipe supplying a 
burner in a lantern, the condensing lens of which was placed a few 
inches from the eyes of the person experimented on. A dark cloth 
surrounding the head and the lens of the lantern kept the individual 
in tolerably complete darkness except when the opening of the stop- 
cock and the sudden flashing up of the flame threw a momentary flood 
of light upon the eyes. The construction of this stop-cock is shown in 
Fig. 6. A base board, A, supports a straight piece of gas pipe furnished 
with two stop-cocks, B and C, and with tips, D and £, for the attach- 
ment of rubber tubing, supplying gas to the burner. An electro-magnet 
supported upon an adjustable board G, and controlled by a circuit con- 
taining the reinforcing key, holds against its poles the armature H 
which is borne upon one end of a horizontal arm, the other end of which 
_is pivoted upon the lower end of a vertical rod firmly fixed above and 
in the prolongation of the axis of the stop-cock B. A spiral spring J 
coiled around this rod and bearing against the horizontal arm tends to 
press the armature away from the magnet. When, therefore, the re- 
_ inforcing key is opened the armature flies around to the position repre- 
sented in Fig. 6, where it is received upon a rubber pad borne upon 
a brass support fastened to the base board at A. (This pad and its 
support are for the sake of clearness omitted from the figure.) A stiff 
brass wire K, soldered to the stop-cock B, and passing through a hole 
in the horizontal arm, compels the stop-cock to follow the motions of the 
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armature H. When, therefore, the latter on the opening of the 
reinforcing key makes the above-described semicircular movement, the 
stop-cock Bis momentarily opened and closed again. This causes a sudden 
flashing up of the _ ” the burner in the lantern, which by a proper 


adjustment of the small side stop-cock, L,is never allowed to go entirely 
out even when the stop-cock B is closed. The stop-cock C, which is 
opened and closed by hand, serves to prevent the increased supply of 
gas, afforded by the momentary opening of B, from reaching the 
burner. When the stop-cock C is closed there is therefore no visual 
reinforcement, while all the other details of the experiment, including 
the slight noise accompanying the movement of the armature, remain 
unchanged. The experimenter can thus cause normal and reinforced 
knee-jerks to alternate with each other, either singly or in series, in any 
desired way. The error caused by the state of expectant attention of 
the individual experimented on is thus eliminated. 

A stiff wire WV fastened to the stop-cock C, serves as a handle to open 
and close it, and when the cock is open presses with its curved extremity 
upon the rubber membrane of the drum, M. This drum communicates 
by the tube 0, and a rubber tube adapted to it with a Marey’s 
recording drum writing on the revolving cylinder directly over the pen 
which records the extent of the knee-jerk. The tracing produced by 
the recording drum is therefore a broken line, the elevations of which 
correspond to those knee-jerks which receive a visual reinforcement, as 
shown in —— 17, 18. 
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This same arrangement of stop-cocks served to produce a stimulation 
of the skin or mucous membrane by a blast of air. This was effected 
by connecting the tip D with the reservoir of compressed air belonging 
to the artificial respiration apparatus of the laboratory, and the tip E 
with a small glass tube directed against the conjunctiva, the nasal 
mucous membrane, or any portion of the cutaneous surface. 

It is evident that the various reinforcing acts above described must 
take place at varying intervals after the opening of the reinforcing key. 
For instance, the flash of light follows the opening of the key much 
more quickly than the sound of the torpedo which has to fall five or six 
feet before it explodes, Evidently therefore the space on the key-board 
between the reinforcing key and the knee-jerk key corresponding to 
any given interval of time between the reinforcing act and the blow 
upon the ligamentum patellae must vary with the nature of the 
reinforcement which is studied. The exact position of the reinforcing 
key which would cause the reinforcement to coincide in time with the 


_ blow on the knee when the knee-jerk key was set at zero, was in the 


earlier experiments ascertained by careful chronographic determinations 
of the time occupied by the descending hammer, the falling torpedo, &c 

It was found however that.the sensations of the individual axpaclsbented 
on were a sufficiently accurate guide for the determination of the zero 


- point. In the later experiments, therefore, when a series of observations 


with any given kind of reinforcement was begun, the knee-jerk key was 
set at zero of the scale and the reinforcement key so adjusted that the 


reinforcing act (i.e. the sound, the flash or the blast) sensibly coincided 


with the blow on the knee. The reinforcing key was then kept in that 
position and the varying intervals produced by changes in the position 
of the knee-jerk key. . 

The results of the observations on the effect of the various rein- 
forcing acts above enumerated on the extent of the knee-jerk will next 
be considered. 


Muscular reinforcement. 


The voluntary muscular movement, which formed the sistas 
act, was, as above described, a short vigorous clinching of the right 
hand upon a species of electric key by means of which the reaction 
time of the individual to the reinforcing signal was recorded. 

As a reaction time always includes a centripetal, a central and a 
centrifugal portion, and as it was impossible to say in advance which 
portion of this nervous process would have the greatest influence upon 
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the knee-jerk, it was decided, in the earlier experiments, to regard the 
stroke of the bell as the zero point of the reinforcement, and when this 
point coincided in time with the blow of the hammer upon the 
ligamentum patellae, the interval between the reinforcement and the 
knee-jerk was called zero. The object of the investigation was, there- 
fore, to ascertain how the extent of the knee-jerk would be affected by 
varying the interval of time at which the blow upon the ligamentum 
patellae followed the signal for reinforcement. No experiments were 
made in which the blow preceded the signal, since it would be difficult, 
after receiving the blow, to wait for the oe signal before giving 
the reinforcing act. 

Each experiment lasted, as a rule, about one hour. During this 

time several series of observations were made, each with a different 
interval between the bell-signal and the blow. Each series was divided 
into two portions, in the first of which there was no reinforcing act, 
and the knee-jerk was regarded as “normal,” while in the second the 
individual responded to the bell-signal in the above-mentioned mannert. 
It is perhaps worth mentioning that the bell-signal and every detail of 
the experiment, except the reinforcing act, were the same in both 
portions of each series. The difference between the average extent of 
the knee-jerk in the first and second portion of each series was called 
the special reinforcement for the interval corresponding to that series, 
and the difference between the extent of the knee-jerk in the second 
- portion of each series and in the first portion of all the series in the 
same experiment was called the general reinforcement for the same 
interval. 
Experiments with muscular reinforcement were made upon ten 
different individuals, of whom six presented similar general phenomena. 
In two cases no knee-jerk could be obtained with the apparatus in use, 
and it was not thought best to change the strength of the blow which 
in a large majority of cases was quite sufficient for the purposes of the 
investigation. In the remaining two cases the phenomena differed in a 
way which will be subsequently described from those which commonly 
presented themselves. 

The general nature of the result obtained in the majority of cases 
may be best understood by an examination of the curve shown in 
Figure 7, constructed for a preliminary study and report from the 
record of 551 normal, and 624 reinforced knee-jerks in the same 
individual (B.). In this curve the abscissas represent the intervals 
between the bell signal and the blow, and the ordinates the difference 
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between the “ normal” and the reinforced knee-jerks. Positive ordinates 
indicate an increase, negative a diminution of the knee-jerk. The 
figures at the left of the curve show in millimeters the absolute 
amount of increase or diminution. The dotted curve is the curve of 
special reinforcement; that is, it represents the average difference 
between the reinforced knee-jerk and the special normal of that series, 
while the full curve is the curve of general reinforcement representing 
the average difference between the reinforced knee-jerk and the general 
normal of the experiment. Both curves follow, it will be observed, the 
same general course, and show clearly that if the blow follows the signal 
at an interval not greater than 0°4” the reinforcing act increases the 
extent of the knee-jerk. If the interval exceeds this amount a diminu- 
tion of the knee-jerk results. If, however, the interval is prolonged to 
17” the reinforcing act is without effect upon the knee-jerk. To 
express the same conclusion in other words, we may say that, when 
by a brief act of volition the muscles of the forearm are innervated, 


\i 
al” a2” 04” 0.7” 10” | 
Fic. 7. Curves showing average muscular reinforcements arranged according 
to values of i. 


the spinal cord is thrown into such a condition, that that portion of it 
which is concerned in the production of the knee-jerk is for a short 
time in a state of exalted activity, which is succeeded by a period of 
depression and then by a slow return to the normal state. 

In the tabulation from which the above curve is constructed the 
observations are grouped according to the interval between the bell 
signal and the blow on the knee. Let this interval be indicated by 
the letter 7, and let r stand for the reaction time. The interval of time 
between the beginning of the muscular reinforcing act and the blow on 
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the knee will then be expressed by 1—7r. Now as the value of r is 
always subject to considerable variation, it is evident that a curve 
obtained by grouping the observations according to the value of ¢ does 
not, strictly speaking, express the reinforcing power of a muscular 
movement with reference to the varying intervals of time at which 
it preceded the blow on the knee. 

It seemed therefore desirable to compare the above results with 
those to be obtained by tabulating the observations according to the 
value of t—r. This value was calculated for each observation by 
subtracting the reaction time as recorded on the pendulum from the 
interval as determined by the relative position of the keys. The extent 


TABLE I. 7 
Absolute values of reinforcement by muscular contraction. 


of No. of 
) i—r | observa- | D in mm. i-r observa- | D in mm. r. 
tions. tions. 4 
— 0°16” | 15 +400 | — 0-19” 35 + 30°0 q 
~ 1” | 94 +37°3 | — 0:13” 265 + 27:3 
—0-07” | 163 +330 | — 0-09” 528 +27°8 
— 0°03” 50 | — 0-04” 259 
0-0” 37 + 25°9 0:0 145 +11°1 
+ 0:03” 29 + 0°04” 251 + 
+ 0°07” 19 + 23°7 + 0:09” 165 — 23°5 = 
+ 0:13” 68 —~ 44°6 a 
+ 0°16” 9 + 393 + 0°19” 67 — 46°3 q 
+ 0°24” 19 + 2] + 0°25” 84 — 36:0 4 
+ 0°33” 21 — + 0:34” 113 — 39°4 q 
+ 0-44” 28 — 48°] 4 
+ 0°54” 12 — 42°3 + 0:57” 20 — 
+ 0°66” 13 — 37°9 4 
+ 0°77” 36 — 24°] 
+ 0°80” 13 — 28°9 + 0°83” 29 — 26°8 a 
+ 0:98” 46 — 23°4 7 
+ 1:15” 21 — 22°5 4 
+ 1°27” 42 — 123 
+ 1°32” 10 — 24°7 + 1°33” 26 — 121 ° q 
+ 1:47” 16 | -117 
+ 1°64” 3 — 142 4 
| + 1°78” 19 — 64 + 1:77" 45 - 50 4 
+ 2°25" 31 - 57 3 
Total No. 4 
| of 513 2333 
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of the reinforced knee-jerk in each observation was then compared with 
the average value of all the normal kneé-jerks in the experiment, and 
the difference, which may be called D, whether positive or negative, 
recorded. The observations were then arranged in groups according 
to approximate values of i— 1, and the average value of D calculated for — 
each group. Table I. shows this tabulation of the observations on the 
muscular reinforcement of two individuals, B. and W. The table is 
therefore divided into two vertical halves. In each half the first 
column gives the average value of i—7r in each successive group of 
observations. These values are of course negative in those cases in 
which «<r. This means that in certain cases the blow on the knee 
_ fell before the beginning of the muscular reinforcement, though it did 
not precede the signal to which the individual reacted. The second 
column gives the number of observations in each group, and the third 
the average value of D for each group. It will be seen for instance 
that in the case of B, 29 observations were made, in none of which the 
interval of time between the beginning of the muscular reinforcement 
and the blow on the knee differed materially from + 0°03”, and that the 
average extent of the knee-jerks in these cases exceeded the average of 
the normal or unreinforced knee-jerks in this experiment by 27°7 mm. 
The figures of Table I. have served for the construction of the curves 
of Fig. 8, in which the abcissas represent the values of 1—7 and the 


6.0” 2.0° 
Fia. 8, Curves showing average muscular reinforcements arranged according 
to values of i—r. (Table I.) 


ordinates those of D, The full curve shows the result of the observa- 
tions on B., the dotted curve that of those on W. It will be observed: 
that the general form of the full curve is the same as that of the full 
curve in Fig, 7, which represents the result of experiments on the same 
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individual tabulated according to values of 4 instead of i— r. In Fig. 7 
the curve crosses the zero line at about 0°40”, in Fig. 8 at 0°25”, a differ- 
ence of 0°15”. This difference should, of course, represent the value of r, 
and it may be regarded as confirmatory evidence of the accuracy of 
both these methods of tabulation that in the case of B. the value of r 
calculated from about 500 observations = 0°148”. In the case of W. 
the difference in the crossing points of the two curves corresponds 
to 0'175", and the reaction time calculated from about 2000 observations 
is 0184". 

In the course of this investigation, as observations aconeinineed, it 
became evident that the variation of the knee-jerk from day to day was 
too important to be neglected. In consequence of this variation a 
_ reinforcement of the knee-jerk by a given number of millimeters does 


TABLE II. | 
Percentage values of reinforcement by muscular contraction. 


Brief escien Brief contraction. Prolonged contraction. 
B A’ W. 
No. of No. of . No. of 
1 observa- P i observa- P i observa- P 
tions. tions. tions. 


0-0” | 132 | 171%, 0-0” 377 | 153%, 


0-04” | 54 | 165, | 004”| 30 | 138. 

0-06") 54 |147,,]006"| 98 | 

0-10”| 66 | 145, }010"| 340 | 

0-15”| 43 | 141, |o15"| 34 | 142° 

0-20" | 53 | 150, |0-20"| 441 | 133 

0-27” | 42 | 146, 49 | 87. 

0-30” | 44 | 1135, 10-30"| 181 | 51;,]030"| 136 | 167%, 4 

0-40”| 41 | 97,,1040"| 117 | 30 | 196, 

051”| 49 | 60,,}050"| 106 | 44, 1051"| 51 | 93. 

060”| 63 | 12,,]061"| 10 | 

0-70"| 45 | 29 | 33; | 51 | 
0-90”| 47 | 39, ]100"| 57 | 49, Joo” | 41 | 69. 
109”; 53 | 53, }120"| 43 | 64, | 42 | 73° 
1-44"| 30 | 73,,}149"| 73 | 78, 4141"| 20 | 97° 
171” | 15 |103,,}1-70"| 13 | 83, ]41-71"| 19 | 107. q 
2-00" | 20 | 96, }200"| 39 | 91. 
] 250" | 96 | 88. 
Novot | 788 2219 400 
obser. 4 
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not always represent the same proportionate increase of movement. It 
_was therefore thought best to tabulate the above results in such a way 
as to show the percentage increase or diminution of movement for each 
value of ¢, the average value of all the normal knee-jerks in each 
experiment representing 100°/,. Table II. shows, in the first and second 
divisions, this tabulation of the muscular reinforcements of B. and W. 
In each division the first column gives the average value of 7 in each 
group of observations, the second column the number of observations 
(i.e. reinforced knee-jerks) in each group, and the third column the 
average percentage value of the reinforced knee-jerks of each group 
with reference to the normal curse ences ss the experiment. This value 
may be designated as P. 

The third division of Table II. contains the results of some experi- 
ments made for the purpose of ascertaining how the reinforcement of 
the knee-jerk would be affected by the prolongation of the muscular 
act. For this purpose the individual experimented upon, instead of 
making the pressure on the recording instrument in his grasp as brief 
as possible, prolonged the effort till the blow fell upon the knee. It 


15° 25° 


(By.) muscular reinforcement. (Table II.) 
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will be observed that in this third division of the table none of the 
values of ¢ are less than 0:3”, for when the blow follows the reinforcing 
signal at a shorter interval there is obviously no appreciable difference 
_ between the shortest possible muscular act and one which is prolonged 
till the blow falls. The conclusions to be drawn from Table II. will be 
most readily understood from an examination of the curves in Fig. 9 
which have been constructed from it. It will be noticed in the first 
place that the full and the dotted curves representing the short 
muscular reinforcements of B. and W. are similar to each other and of 
the same general character as those of Figs. 7 and 8. They indicate 
that when the blow on the knee is synchronous with the reinforcement — 
signal the effect of the muscular act is to increase the knee-jerk 
50—70°/,. As the interval between the signal and the blow is 
increased the reinforcing power of the muscular act diminishes; the 
curves descend rapidly and cross the 100°/, line at 0°38” for B. and 0°23” 
for W. This descent is in both cases interrupted by a temporary 
ascent, the cause of which is a matter of conjecture. Its position on the 
curve between 0°15” and 0°20” seems to indicate a possible connection 
with the voluntary motor impulse directed to the muscles of the arm. 
The inhibition of the knee-jerk, represented by that portion of the 
curve which is below the 100°/, line, is more marked both in its amount. 
and its duration in the case of W. than in that of B. A similar 
difference will be observed in the sensory reinforcements of these two 
individuals, 

_ ‘The curve representing the effect of a prolonged muscular reinforce- 
ment has the same general form as the other curves, but the value of 
all its ordinates is greater. That is, the prolongation of the muscular 
act tends to increase the positive reinforcement and diminish the 
inhibition of the knee-jerk. That the continuance of the muscular 
contraction does not alter the character of the curve seems to show that 
the influence of voluntary nerve-muscle activity upon the knee-jerk is 
more marked at the beginning than at any subsequent period of its 
duration. This conclusion must however be accepted with some 
reservation, since experiments of this sort were made only on a single 
individual and the number of observations, as shown in Table II., were 
- comparatively few in number. We were deterred from extending these 
observations to other individuals by the difficulty of assuring ourselves 
that the muscular reinforcement was actually prolonged without inter- 
ruption until the blow came. 

These experiments on.the knee-jerk fully confirmed the statements 
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of Lombard as to the great variability of the phenomenon, and the 
average values of both the normal and the reinforced movements, as — 
given in the above tables, must, on account of the wide range of the 
observations from which they were calculated, be regarded only as 
rough approximations to the truth. Of the general proposition that 
with a short interval between the muscular act and the knee-jerk the 
latter is increased and with a longer interval diminished in extent, there 
can be no doubt whatever. Interesting confirmatory evidence of this is 
afforded in those cases in which the value of t—r is suddenly reduced 
by the failure of the individual to react promptly to the signal. A 
series of greatly inhibited knee-jerks is thus interrupted oy one of 
normal or even of exaggerated value’. 

The genuineness of the inhibition and its independence of any 
control by the will was demonstrated again and again by unexpected 
changes of the interval without the introduction of “normals” to 
familiarize the individual with the interval. The promptness with 
which the character of the knee-jerk changes under such conditions 
leaves little room for doubt concerning the reality of the phenomenon. 
For example: In an experiment of 6. vi, 1888 the average amount of 
the reinforced kick for 0'1’° and 0°2” was 128 and 130 mm. respectively; 
the interval was changed to 0°4” and then to 0°3” and the kick fell at 
once to 13 and 15 mm. Similar results were obtained in other series 
of experiments in which the groups of “normals” were omitted for the — 
reason above mentioned. 


6. vi. 1888 0-9" 


q Date, Average value! normally 
3 kneesjerks of “responding 
. v. 1888 | 0°5” 
29. V. 55 mm. 0°412” 55 mm 

30. v. 0-4” 19 ” 0°410” 59 

0-3” 31 0°354” 47 ” 

Sl.v. ,, | 0-6” ” 0°348” 70 

0-801’ 66 ” 

4. vi. 0-6” 0°376” 87 

7 ” 0-643” 538 ” 

0-606” | 74 ,, 

3 0-4" 13 0-491” 52 ” 

3 0-3” » | 0608" | 144 

B. 

| o614” | 71 ,, 
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The —— little table will serve to illustrate this point : 
8. vi. 1888 | ” 19, vi. 1888 21. vi. 1888 


01” %126mm. | 04” =23mm. 0-2” 58mm. 0-1” 166 mm. 
42 ,, 0-2” 66 ,, 0-1” 84 ,, 0-4” 31: ,, 
01” 68 ,, 00” 118 ,, 0-3” 


03” 03” 29 , | 02" 116 ,, 
OF 00” 103 ,, 0-3” Bh 4, 
o4” ,, 

0-3” 27 
0:2” 142 


It is also worthy of notice that the order of the intervals was varied 
from day to day, and the negative reinforcement was shown to be really 
due to the interval employed and not dependent upon the duration — 
of the experiment. 

& Fig. 10 is a full sized reproduction by a photographic process of two 
portions of the same curve. At the right are seen five normal (1) 
knee-jerks as given with an interval of 0:6” between the keys; these 

are followed by ten knee-jerks reinforced by a voluntary muscular 


Fic. 10. Parts of same curve (full size) showing positive and negative reinforcement caused 
by muscular movements at various intervals. 


movement, and so. complete was the negative reinforcement that for 
nine of the records dots were required to recall the fact that this 
number of blows on the ligament had actually been given. The 
interval was then changed to 1°2” and five normals taken succeeded 
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by ten reinforced kicks (R) which show an inhibition but much less 
than at 0°6”. At the left of the figure is seen a later portion of the 
same cutve taken with an interval of 0-1”. The normals here are 
somewhat smaller than in the earlier part of the experiment, but 
the reinforcement as shown in the ten records is — and dis- 
tinct. 

Fig. 11 is a reproduction of parts of another similar record of the 
full size of the original. Here as in Fig. 10 the negative reinforcement — 
is distinct at the interval of 0:6”, the ten kicks following R being nearly 
reduced to zero. In the later part of the curve at the left it is seen 
that a return to a short interval (0°1) renders the reinforcement 


Fic, 11. Muscular reinforcement of the knee-jerk at different intervals in the 
same experiment, 
positive again. Both of these curves show incidentally that the 
negative reinforcement is not the expression of i dus to the 
duration of the experiment. 
There is, however, a great difference between individuals in respect 
to the extent to which the knee-jerk is reinforced or inhibited by a 
muscular movement. The fact that the tendency to inhibition is 
stronger in W. than in B.' has already been alluded to. On the other 
hand, in two out of the ten individuals experimented on the effect of 
the muscular act was wholly Positive, 1 no value of + being found to a 
an inhibition. 
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It may therefore be said that in most of the cases examined the 
effect of a voluntary muscular movement was to increase the extent 
of a knee-jerk produced by a blow falling within 0°2—0°4” of the 
beginning of the muscular contraction but to diminish the extent 
if the blow was longer delayed. If however the interval was prolonged 
to about 2:0” no effect of the muscular movement upon the knee-jerk 
could be noticed. 

| Sensory Reinforcement. 
A voluntary muscular movement in response to a signal is such a 


complicated nervous process that a study of the phenomena of rein- 
forcement and inhibition under simpler conditions seemed desirable. 


Experiments were therefore undertaken with sensory stimulation of 
various sorts, the first effect studied being that of a sudden auditory 
impression produced at varying intervals of time before or slightly after 
the blow on the knee. The sound was that produced by the explosion 


TABLE III. 
Percentage values of reinforcement by auditory stimulus. 


é No. of No. of No. of 3 
observa- P observa - P observa- P a 

tions. tions. tions. 3 

— 44 104 62 | 100 q 
— 0-2” 60 92 ,, 108 101 ,, 26 84 °/, 4 
— Q-1" 67 104 ,, 128 108 ,, 36 110 ,, 4 
0-0” 71 139 ,, 136 125 ,, 46 146 ,, q 
+ Or1” 72 142 ,, 148 124 ,, 40 158 ,, : q 
+ 0-2” 87 168 ,, 165 132 ,, 43 223 ,, 3 
: + 0-3” 100 179 ,, 146 122 ,, 51 278 ,, 4 
+ 0:4” 93 153 ,, 147 119 ,, 44 216 ,, 4 
+ 0-5” 88 123 ,, 118 116 ,, q 
+ 0-6" 120 4] 223 ,, 
+ 0-7" 64 118; 127 112 ,, 
+ 0:8” 38 184 ,, 3 
+ 1:0” 63 116 ,, 117 114 ,, 51 167 ,, a 
+ 1-2” 50° 120 
+ 1-4" 45 159 ,, q 
+ 1:5” 52 115 ,, 81 97 ,, 4 
+ 2:0” 49 133 114 o7 ., 23 110 ,, a 
+ 3:0” 4] 96 ,, E 
of 960 1758 484 
obser. 4 
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of a torpedo made of coarse sand wrapped in paper weighing about 13 
grams and containing a small charge of fulminating powder. The 
torpedoes were specially made for these experiments with a view to 
securing uniform intensity of sound, a result which was, however, not 
fully attained. The torpedoes were dropped on‘ the opening of the 
reinforcing key in the manner above described (p, 34). 

Table IIT. gives the result of experiments on auditory reinforcements 
on B. and W. and also on a third individual (C.). It will be observed 
that the reinforcements were in nearly all cases positive in their 
character, a fact which is further illustrated by the curves of Fig. 12 
which have been constructed from the values of ¢ and P for B. and W. 
as given in Table III. The curves lie almost wholly above the 100°/, 
line and in this respect differ very decidedly from those representing the 
reinforcement by muscular contraction as shown in Table II. and Fig. 9. 
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Fic. 12. Curves showing the reinforcing influence of auditory impressions. (Table III.) 


It will be noticed that the reinforcement is much stronger in the 
case of B. than in that of W., while in that of C. it is so much stronger 
than in either of the others that the curve could not readily be drawn 
on the same coordinates. 

The next form of sensory reinforcement which was studied was that 
produced by a sudden flash of light caused by the opening of a stop-cock in 
a gas pipe in the manner above described (pp. 34, 35). The results of one 
series of observations on B., two on W. and one on C., are given in Table 
IV. It will be noticed that the values of P in the observations on B. 
and C.are nearly all above 100°/,, while in the case of W. they are below 
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TABLE IV. 
Percentage values of reinforcement by visual stimulus. | 


B. Wo» 
i No. of No. of No. of No. of 
P P observa- P P 
tions. tions. tions. tions. 


71 |102,,) 80 | 8 | 70,1) 73 | 134 


+12") 84 |108,,] 48 | 73,, 89 | 115,, 

68 | 100,, 59 | 109 ,, 
56 | 107,, 

+ 2:0" 84,,1 48 | 90,, 

+ 2:2" 79 | 113,, | 

+ 25" 40 | 108 ,, 

of 1426 |. 1130 344 1249 

obser, 


that limit for all values of « exceeding 0:3”. In other words, a visual 
: stimulus produces on W. an effect similar to that of a muscular 
& ji contraction, while in the cases of B. and C. the effect is like that of an 
ond auditory stimulus. That this difference is not an accidental one is 
‘shown by the fact that it appears in both series of observations on W. 

_ which were taken at an interval of three months’. In Fig. 13 are . 


1 The observations tabulated under W,,). in Tables IV. and V. were made in the 

_ gutumn of 1888 and seemed at the time to suggest that the muscular movement involved 
was probably a more potent influence upon the knee-jerk than the sensory stimulation 
of the flash or blast. During the succeeding three months W. was absent from the 
laboratory, and the corresponding experiments were made upon B. and C. with the results 
given in the Tables. These results were so unexpectedly different from those which the 
previous agreement of B. and W. had rendered probable, that new series were taken in the 


PH. XI. 4 


~ 0-2” | 102 102 | 115%] 22 91% | 66 92 °/, 
—O1” 112 | 106,, 90 |114,,1 24 |107,,] 70 99 ,, 
0-0” 113 | 128,,} 93 | 139,,, 44 | 118, 84 | 178,, 
+ 01” 70 | 146,,} 105 | 120,,] 56 | 120, 69 | 209,, 
+ 0-2” 78 | 151, 102 | 121, 1 22 83,1 71 | 188,, 
| + 0:3” 81 | 152 ,, 92 | 102,,] 24 82,, 1 80 | 163,, j 
+ 0:4” 71 | 110,, 96 96,1 19 55, 68 | 135,, 
+05" | 113 93 ,, 78 20 82 | 130,, 
+ 0-6" 61 | 100,, 30 SP 
+07" | 106 | 113,, 9] 75,,1 66 | 145,, 
+ 10" 86 94 ,, 73 34 74, 109 , q 
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given two curves, constructed from the values of P in the columns 
headed B. and W,)., which show very clearly the difference between the 
two individuals in this respect. __ 


| 
160 
8 

140 

60 
40 + 
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Fra, 18. Curves showing the influence of a visual stimulus on the knee-jerk. (Table IV.) 


In searching for a possible explanation of the more pronounced 
inhibitory effect of a visual as compared with that of an auditory 
stimulus (a phenomenon to be noticed in B., C., and W. alike, though 
only in the case of the latter giving values of P below 100°/,), the 
possibility of a movement of winking combining its effect with that of 


_ a sensory stimulation suggested itself. It was found in fact that such a 


movement nearly always occurred when the brilliant flash of light fell 
upon the eyes and, indeed, it would seem difficult to avoid such a 
movement except by a forcible contraction of antagonistic muscles 
which would of itself produce the effect of a muscular reinforcement. 
To test this hypothesis a form of stimulation was chosen which 
would produce a reflex wink with a minimum of sensory stimulus. 


__ A blast of air directed upon the conjunctiva seemed to be best adapted 


for this purpose, and the same electro-magnetic stop-cock which served 
to produce the flash of light was, as above described, made to deliver a 
sudden blast of air through a tube attached to an ophthalmoscopic 
mirror-holder and directed against the conjunctival mucous mem- 
brane. 


spring of 1889 [those tabulated as W,»] to test the accuracy of the older series. As 
these later sets were in substantial accord with the earlier ones (both in detail and when 
grouped) it was deemed unnecessary to make the observations as numerous as before, 
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Table V. and Fig. 14 show the result of the observations made in 
this way upon the same individuals who served for the former deter- 


minations. 
TABLE 
Percentage values of reinforcement by stimulus of conjunctiva. 
| B, Way 0. 
i No. of No. of No. of No. of 
P P . P observa- P 
tions tions. tions. tions. 


-04"| 51 | 98%, | 
| 48 | 95, 
| 105 | 139, 58 | 118%] 50 | 103%} 86 | 60%, 
| 80 | 139, 75 | 104, 54 | 109, 90 | 101,, 
oo” | 76 | 163, | 72 |107,,] 61 | 110,, | 198 | 218,, 
+01”| 83 1170, 1 72 | 116, 48 | 113,, 128 | 361,, 
+02”| 77 1159, 1 69 | 111, 31 | 79,, | 141 | 307,, 
+03” | 106 1113, | 80 | 92,,) 12 | 54,, | 102 | 328,, 
+0-4”| 102 | 104, | 67 | 83,,) 30 | 68,, 1 117 | 255,, 
+05"| 80 |108, 1 77 | 85, 27 | | 140 | 281,, 
+06"| 76 1107, 75 | 78,1 50 | 61, | 
+07"; 78 1103, 61 | 30 | 54,, 165 | 240,, 
+08” | 97 | 101,, i9 | 48,, 
+10”| 93 |103,,] 53 | 65,1 49, 133 | 148,, 
+12” | 87 | 104,, 
+15"| 91 1102,,1 65 | 76,1 35 | 54, 71 | 94,, 
+20" | 110 | 114, ] 44 | 83, 1 42 | 68,, 48 | 128,, 


T 

No of 1440 868 560 1408 

obser. 


Wi) is the autumn series and W(s) the confirmatory series taken in the 
spring. 

It will be noticed that in the case of W., who happened to be the 
first individual experimented upon, the values of P are decidedly less 
than in the experiments with a visual stimulus, a result quite in 
harmony with the hypothesis that the inhibitory effect of motor activity 
in winking is the cause of the difference between the result of auditory 
stimulation, as shown in Table III., and that of visual stimulation, as 
shown in Table IV. This hypothesis, however, derived no support from 
the observations upon B, and C. (for in these cases the values of P were 
found to be larger than in the experiments with visual stimulation), 
and was, moreover, shown to be quite untenable by the result of 
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experiments upon W., in which the air blast was directed against the 
nasal mucous membrane, Here the sensory stimulus was quite insig- 
nificant and there was no perceptible muscular reaction as in the case 
% | 
80 
| 60 + 
02° 00° 02' 04’ as’ 10° 12' 14 


Fia. 14, 
of air. (Table V.) 
of conjunctival stimulation ; yet the values of P as shown in ‘the first 
| section of Table VI. and grushically | in Fig. 15 are quite as low as in 
the corresponding experiments in Table V. 
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40 


0.0° 02° 04’ 06" 10° 12° 14° 16’ 18° 2.0’ 
Fia, 15, Curve of knee-jerks modified by stimulating the mucous membrane of 
the nose by a blast of air. (Table VL.) 


The study of the influence of sensory stimulations was then continued 
__ by directing the blast of air on to the external skin, Such a stimulus 


| 
| 
| 4 
| 
] 
44 
q 
> 
3 
3 
a 
$ 
4 
| 
1 
a 
P, 


MODIFICATIONS OF KNEE-JERK. 


might seem too slight to produce any effect, but the well-defined results 
obtained by the subjectively slight stimulation of the nasal mucous 
membrane led us to hope for some positive results, and the experiments 
fully justified the expectation. These experiments, made only upon 
C. and W., are collated in the second part of Table VI. and the curves 


TABLE VI. | 
Percentage values of reinforcement of knee-jerks by stimulation of: — 


I. Nasat. IL Sxm or 


MEMBRANE, 
Ww 0. Ww 
No. of No. of i No. of 
P P P 
tions. tions. tions. 


+ 0°8" 109 | 114, 121 
+10"] 52 | 75, 77 | 116, 1 129 | 59,, 
+ 1:2” 55 | 104 ,, 


“No. of | 820 1041 1521 
obser. 


are shown in Fig. 16. The stimulus was the blast of air directed to the 
skin of the neck in the median line at the level of the fourth or fifth 
vertebra ; the tube was held in position by the strap and clamp of the 
ophthalmoscopic mirror fastened to the head in a reversed position. 
As before, W. shows a distinct positive reinforcement for the shorter 
intervals and a more marked negative reinforcement for the longer ones 
with a gradual return to the normal, while with C. the effect is almost 
wholly that of a positive reinforcement of the knee-jerk. The genuine- 
ness of these results was tested not merely by the very large number of 
observations of which the table is made up, but also and more especially 


i ‘ 
| 62 94°, 35 | 80%]. 73 97 */, 

~O1" 55 96 ,, 45° | 98,, -67 | 101,, 
0-0” | 68 | 120, 69 | 115, | 157 | 105,, q 

70 | 106, 88 | 156,, | 145 | 104,, 

+02”| 73 | 101, 110 | 192, | 119 | 1l9,, ‘ 
| +03" |] 81 89 ,, 77 165,, 111 96 ,, 
77: | 62:1 171, 1 118 | 70,, 

+05" | 63 83 ,, 49 | 144,, 99 il ,, 4 

+06" | 74 55 ,, 43 | 132,, | 117 62 ,, 

62 65 ,, 90 | 117,, | 123°) 

| + 78 ,, 69 | 76,, 76 | 66,, 
+ 2-0” 95 ,, 63 | 96,, 66 | 79,, | : 
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in the case of W. by frequent and quite unexpected changes of interval. 
The promptness with which a positive reinforcement became negative 


' for an increase in the interval so slight that W. could not readily 
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0.0° 02° 04’ 06' 1.0’ 14’ 16’ 20° 

Fic. 16. Curves showing the percentage value of knee-jerks modified by a blast of air 
directed upon the skin of the neck. (Table VI, 1.) 
perceive it, or a negative reinforcement was replaced by a positive one 
for an equally unexpected and slight lessening of the interval, would 
seem to preclude the explanation that expectancy, or any preconceived 
idea as to what would happen, had influenced the result, and this 
demonstration is most complete for just those intervals (0°2”—0°4”) 
where the results are most marked’. 

These sudden changes of interval are only possible, when made in 
any considerable number, by using the automatic recording apparatus, 
which notes the exact position of the reinforcing key and also the fact 
that the recorded knee-jerk was or was not associated with a sensory 
stimulation and leaves almost nothing for the experimenter to neglect. 


This apparatus has already been described (p. 33), but its value will be 


1 In a recent experiment the neck blast and torpedo were used alternately during the 
same hour, and the results were in general like those of the curves already given. The 
difference in the effect of the two kinds of stimulation came out clearly at an interval of 
0-6”, where the kicks influenced by the torpedo averaged 114°/,, while those in which the 
air blast was in play only averaged 76°/, of the normal of the experiment. 
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better understood by an examination of the fragments of records 
photographically reproduced in Figs. 17 and 18. The former (Fig. 17) 
shows the negatively reinforced knee-jerks of W. produced by the 
“neck blast”. The curve is of full size and shows clearly the work of 
the apparatus. At the bottom is a series of parallel lines drawn on the 
paper before the experiment begins by the pen which is connected with 
the reinforcing key by a string and giving the position of the pen for 
the more important positions of the key. At the top of the figure is a 
broken line which shows the position of the stop-cock C and its rod V 
in Fig. 6 (p. 35). When the stop-cock is closed, that is when no 
sensory reinforcement by flash of light or blast of air can be given, 
the record is a straight line, and we know that the corresponding 
knee-jerks are to be counted as “normals”. When however the expe- 
rimenter decides to bring a reinforcement into play and opens the 


Record of 


Record of knee- 
jerk 


1%” 


10” 


Fic. 17. Portion of record (full size) showing the automatic method of noting Aes 
position of reinforcing key and use of reinforcement in an experiment with 
the “ neck-blast ”. The knee-jerks are 4 the actual size. 
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stop-cock C the upper arm of the rod WN is pressed upon the rubber 
drum M and the lever of the recording drum, attached to this as 
already described, is moved, and the line of the “reinforcement record” — 
is broken by a change of level; when the knee-jerk has been produced 
the experimenter closes the stop-cock again before a new observation 
is made. In this way each break or tooth in the record of reinforce- 
ment means that a stimulation was given and that the corresponding 
knee-jerk is to be regarded as “reinforced”. Fig. 18 is a part of a 
similar “neck blast” curve photographically reduced in size. 

In Fig. 17 the reinforcing key was first set at 0°4” and then changed 
to 1:0”, but the experimenter failed to set it exactly and his oversight 
is accurately recorded. The curve shows the negative reinforcement 
obtained for W. at these intervals and also the ready alternation of 
“normals” and “reinforcements” ‘attainable by the apparatus. In 


Fig. 18 the reinforcing key stood in the beginning at 0°1” but was 


changed in this part of the experiment to 1:2”, 0:4”, and then to 08”. 


Fic. 18. Portion of another record (c) like Fig. 17 but photographically reduced. 


All these changes were made in the midst of series of reinforcements, 
and the lessening of these with the increase of the interval is very 
distinct. The “teeth” in the “record of reinforcement” are much 
less regular than in Fig. 17, because the experimenter several times 
forgot to close the stop-cock promptly after the record had been made. 
For convenience of enumeration a little mark (+) is made among the 
knee-jerk records at the time of changing the interval. 

Having obtained such definite effects by stimulating the external 
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skin it seemed desirable to test the influence of locality in this 
connection. At present we are only able to report the results obtained 
with one person by directing the air blast upon the skin of the knee 
on the inner side between the internal condyle and the ligamentum 
patellae. The stimulus in this case corresponds very nearly in locality 
to that of the hammer itself so far as the external skin is concerned. 
The details are noted in Table VII. and presented graphically in 
Fig. 19. Although the number of observations is large it will be seen 
that no marked difference is shown between the two knees. The rein- 


TABLE VII. 
oe values of reinforcement of knee-jerks by stimulation of 
skin of knee (W.). | 
B left. A right. 
‘ No of No. of 
observa- P observa- F 
tions. tions. 


+ 0°6” 80 67 ” 55 ” 
+ 0-7” 69 53 9 58 ” 
+08" 73 | 58, 52 


+ 
~J 


| No of 1039 741 
obser. 


forcement apparently produces little or no change in the size of the 
knee-jerk in these experiments until the interval between the blast and _ 
the blow has reached 0°3’, when the reinforcement becomes markedly 

negative, and then the curve has about the same form as in the other 
‘experiments with W. Evidently other tracts of skin ought to be 


| 
| 46 | 102%] 20 | 91%, 
~01" | 69 | 102,, | 37 -| 94,, 4 
00” 75 |103,,] 70 | 95,, 
74 | 98, 60 | 99,, 
+02"1 90 |104,,] 71 | 93,, 
+03"] 78 | 83,,] 59 | 85,, 

7 +05" 76 | 71, 58 | 57, 
+15"] 67 | 64,7 40 | 56,, 

+20"] 54 | 66, 37 | 73,, 
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tested and the observations extended to other individuals, but this we 
are at present unable todo. As a tentative explanation of the disap- 


pearance in Fig. 19 of the distinct but small positive reinforcement — 


seen in Figs, 15 and 16, while the negative reinforcement is about the 
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Fig. 19. Curve of knee-jerks as affected by a blast of air upon the knee (W.). 
A right, B left knee. (Table VIL.) i 


same in the three curves both as to time and as to quantity, it should 
be remembered that the “knee blast” merely adds a slight skin 
stimulation at a point where the blow of the hammer itself produces a 
very marked stimulation. When these nearly correspond in time no 
very definite increase of the knee-jerk, i.e. a positive reinforcement, is 
to be expected ; when, however, the interval is increased the extra skin 
stimulation although slight begins to manifest an independent influence, 
and the result is in general the same as when the blast of air reached 
the nose or the neck. It may be however that the length or some 
other quality of the nervous path to be traversed is also of importance. 
Such a possibility is suggested by the fact that in some few experiments 
upon the left knee (that is blast and blow being upon the same knee) 
there seemed to be a very marked positive reinforcement as in the case 
of other sensory stimulations, while this did not clearly appear in the 
experiments with the blast directed to the right knee. 


Effect of Sleep. 


The monotonous character of the experiments was often found to 
produce a decided tendency to sleep in the individual experimented on. 
To counteract this tendency and to insure a certain degree of attention 
to the phenomena the subject of the experiment was required to 
declare after each knee-jerk whether or not a sensory stimulus (i.e. 
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sound, flash, &c.) had been perceived or, in other words, whether the 
knee-jerk was normal or reinforced’. 

In spite of this precaution the tendency to sleep was sometimes 
quite irresistible, and in eight or nine cases the experiment was 
continued after the subject had yielded to it and was sleeping soundly. 
It was then found that:the knee-jerks, both normal and reinforced, 
grew gradually smaller, and, when sleep was profound, disappeared 
entirely, the blow upon the knee being absolutely without effect”. 
This result is not what might have been expected from our knowledge 
of the effect of sleep on the ordinary cutaneous reflexes, e.g. that 
produced by tickling the sole of the foot. Whether this can be 
regarded as an argument against the reflex character of the knee-jerk, 
or whether we have here an essential difference between deep and 
superficial reflexes, are questions to be decided by future investigations’. 


1 In the experiments made with muscular reinforcements the arrangement of the 
apparatus obliged us to record “ normal” or “‘ reinforced” in distinct groups, although the 
interval might be unexpectedly changed without the knowledge of the person experimented 
upon, Here too the voluntary reinforcing act kept the attention fixed and drowsiness did 
not readily manifest itself. In the experiments with sensory reinforcements, on the other 
hand, the character of the knee-jerk (whether it was to be ‘‘normal” or “ reinforced”) 
was quite unknown to the subject of the experiment, and even the interval was changed 
frequently and unexpectedly although a certain amount of grouping was necessary. 

? Lombard (Am. Jr. Psychol. 1887, 1. p. 49) mentions the diminution of the knee- 
jerk ‘‘when quiet, or even a condition closely resembling sleep, had crept on,” but he 
- does not seem to have observed the absolute disappearance of the knee-jerk in sleep. 

-8 In a few experiments this drowsiness was so evident that the observations of the 
entire series were rejected, it being quite impracticable to pick out those periods where the 
attention to the signals was unperverted. The cases where actual sleep occurred and the 
experiment was continued are unfortunately too few to permit any trustworthy inferences ; 
in fact the observations in this connection were altogether too unsystematically made 
to allow us at present to say more than that the knee-jerk in response to a light blow upon 
the ligamentum patellae certainly disappears during sleep and again reappears with its 
full value when the individual is once more thoroughly awake. One of the most 
interesting series in illustration of this point was obtained while experimenting on W. to 
determine the importance of the bell signal in connection with the voluntary muscular 
reinforcement. At the beginning of the experiment the normals, taken in the usual 
manner, had an average of 883mm. The blows upon the tendon were then continued 
without any warning sound whatever ; the size of the movement gradually lessened and 
became almost 0 as W. apparently fell asleep, the entire group of 43 observations having 
an average of only 34mm. W. was then awakened for a short time and the knee-jerk 
immediately rose again to 72 mm. The bell signal was then once more omitted, and the 
movement again grew smaller and became absolutely 0 as W. once more slept; after 32 
observations (with an average of 32 mm.) the bell was again used and the movement 
increased immediately to 75 mm. The bell was once more omitted, and the average 
movement fell very rapidly to 23 mm. (for 25 observations) as sleep came on, and this was 
so profound that when the bell was again employed the effect was so slight and transitory 
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General Conclusions. 


As the general result of the observations recorded in this paper the 
following conclusions may be formulated. 

(1) In the majority of individuals experimented upon a voluntary 
muscular contraction occurring simultaneously with the blow upon the 
knee increases the extent of the knee-jerk, but with the prolongation of 
the interval between the reinforcement signal and the blow this effect 
is reversed ; the knee-jerk becomes much reduced in extent and may 
even entirely disappear. With a still further prolongation of the 
| interval the knee-jerk gradually returns to its normal value. The 

| oe. interval at which the effect changes from positive to negative varies 
with different individuals from 0°22” to 0°6”. The interval at which the 
| knee-jerk returns to its normal value is 1°7”—2°5”. In two individuals — 


that the next 18 observations (with ‘‘bell”’) had an average of only 17mm. W. was then 
completely awakened and a few experiments with muscular reinforcement were made, 
giving results like those already discussed, and then the series was completed by taking 26 
“normals” with an average of 65 mm. 

This disappearance of the knee-jerk is even’ more evident in other observations made 
on W., although the number is usually much smaller. It is indeed by no means easy to be 
quite sure just where the sleep begins, although the failure to define the character of the 
blow suggests its approach and sometimes there is confirmatory evidence of an audible 
character. Even before real sleep has come the diminution of the knee-jerk is very 
marked, as may be seen in the ‘‘ normals” of these two experiments where the air blast 


was directed upon the knee :— 
1 May, 1889 ; 7 May, 1889 
3 1. Awake 25 obs. averaging 59 mm. | 18 obs. averaging 70 mm. 
2. “Sleepy” 19 ,, ” ” ” ” ” 
3. Awake (?) 53 ,, 
4, ‘Asleep’ 27* ,, ” 5 13 ,, ” 2» 
5. Awake 25 ” ” 59 vy 21 ” ”? 73 3? 


* 10 of these were absolutely = 0. 


The “ reinforced” knee-jerk is in general in these cases larger than the correspondin& 
normals but 60 to 100°), smaller than corresponding reinforced kicks made while wide 
awake. The “reinforced” knee-jerk may also be reduced to 0 through sleep. This is 
certainly true when the blast of air is directed to the skin about the knee, and seems to be 
true even when the torpedo is used for purposes of reinforcement. It also seems from 
such few records as are available for this comparison that the normal knee-jerk disappears 
rather more easily and sooner than that which is associated with some reinforcing 
stimulus. Obviously the length of the ixiterval, the kind of stimulus, and the force of the 
ai blow as well as the duration of the sleep itself should be considered in this connection, and 
for this purpose our material is at present altogether inadequate. We hope to find time 
i to examine this interesting question with more care. 
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the effect of muscular contraction on the extent of the knee-jerk was 
wholly positive’. 

(2) The effect of a sudden auditory stimulus on the extent of the 
knee-jerk was, in the three subjects of experiment, almost wholly 
positive, though great individual differences were observed. The maxi- 
mum effect was produced when the interval between the sound and the 
blow was 0°2”—0°3”". 

(3) The effect of a sudden visual stimulus upon the extent of the 
knee-jerk was with two of the three subjects of experiment almost 
wholly positive, the maximum being reached when the interval between 
the flash and the blow was 0°1’—0°3”. With the third individual a 
positive phase having its maximum when the interval was zero gave 
place rapidly to a negative phase reaching its maximum at 0'4’—0°8”. 

(4) The effect of a sudden stimulus of the conjunctiva by an air 
blast was in general similar to that of a visual stimulus, except that the 
positive phase in all three individuals reached its maximum when the 


interval between the blast and the blow was 0°1”, and the negative phase 


in the individual who manifested hate phenomenon had its maximum 
at 0:8”—1°0". 

(5) The effect of a sudden stimulus of the nasal mucous membrane 
by an air blast was, in the only individual upon whom experiments of 
this sort were made, similar to that of stimulation of the conjunctiva. 
The greatest positive reinforcement was with an interval of 0:0” and 
was slightly larger than that obtained from the same individual by 


stimulating the conjunctiva. The negative phase was most pronounced 


at 0°6” and was as marked as with any sensory stimulus employed. 


1 In view of the fact that a muscular reinforcement has been used by clinical observers 
for some years in testing the patellar tendon reflex, it may seem strange that so distinct an 
influence of the interval should have remained unnoticed for such a length of time. Some 
observers (e.g. Mitchell and Lewis, and Lombard) remark that “to get the full effect 


of the reénforcement, the blow must be delivered at just the right moment after the | 


reénforcing act,”’ but this evidently refers only to variations of the positive reinforcement, 
the negative reinforcement, or inhibition, having escaped attention. The explanation 
appears to be this: In common clinical testing the muscular movement of reinforcement 
is made in response to some command or signal of the experimenter which probably also 
acts as his own signal for giving the blow upon the tendon. As the reaction times of 
the two persons concerned are usually approximately the same, it follows that the blow 
and the muscular movement of reinforcement will nearly coincide or differ only by an 


interval at which a positive reinforcement may be expected. If by any chance the 


interval happens to be such as to produce a negative reinforcement the examining 
physician probably considers this due to some failure of his blow or to some irregularity 
in the reinforcing act of the patient, and the influence of the interval, which may be the 
real cause of apparent failure, escapes detection. 
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(6) The stimulation of the skin of the neck brought out individual 
differences very similar to those observed in the experiments with the 
flash or the stimulation of the conjunctiva. One individual manifested 
a reinforcement of the knee-jerk which was almost altogether positive, 
while the other had as usual a positive and a negative reinforcement, 
the former being greatest at 0°2”, the latter at 0°6”—1°0”. 

(7) When the blast of air was directed to the skin of the knee the 
knee-jerk was not distinctly affected until the interval reached 0°2—0°3”, 
_ at which point, in the only individual experimented upon, a distinct 
negative reinforcement appeared becoming most marked at 0°5—0°7". 

It will be observed that the three individuals upon whom most of the 
experiments were performed showed constant differences in their mode 
of reacting to the reinforcing stimulus. Whatever the nature of the 
stimulus the tendency to inhibition of the knee-jerk was more strongly 
marked in W. than in B., while in the case of C. the positive reinforce- 
ment was much more pronounced than in either of the other two 
individuals. That such individual differences should exist will surprise 
no one who has conducted experiments upon the nervous system of 
man and the higher animals, but their interpretation must be postponed 
till observations have been made upon a much larger number of persons. 

The fact that the activity of a given portion of the nervous system 
may, in one individual increase, and in another diminish, the activity of 
a neighbouring portion, suggests that we are dealing here with funda- 
mental differences of nervous organization, and it seems not impossible 
that observations of this sort may throw light upon those peculiarities 
of the central nervous system which determine what we now rather 
vaguely designate as the temperament or disposition of the individual. 

The total number of observations from which the above conclusions 
have been deduced is rather more than 42000. The ordinates in most 
of the curves represent average values of 70—100 reinforced knee-jerks 
which, in their various series, have been compared with about the same 
number of normal kicks. Yet the broken character of the curves 
expressing the final results shows clearly that the number of observa- 
tions, large as it is, requires to be much increased before the conclusions 
which are drawn can claim any high degree of accuracy. General 
statements, such as those above laid down, are all that can at present 
be safely made. 

The great variability of the knee-jerk under normal circumstances, 
of course accounts for these irregularities. It has been clearly shown 
by Lombard that almost every form of mental activity has its effect 


5 
4 
| | 
ia 
§ 
| 
> 
} 
4 
‘ 
; 
4 
| 
t 
4 
a 
5 
An 
wy 


MODIFICATIONS OF KNEE-JERK. 63 


upon the extent of the knee-jerk, and the variations in the mental state 
of the subjects of the experiments, who were sometimes attentive and — 
interested and sometimes indifferent, sleepy, or abstracted, were quite 
sufficient to cause the differences which were observed in successive 
knee-jerks under apparently identical conditions. It is doubtless im- 
practicable to eliminate these sources of error altogether. It was our 
constant endeavour to conduct each experiment in such a manner as to 
remove all external disturbances, so that in long series of many observa- 
tions the uncontrollable influence of the mental state or other factors 
should affect the general result as little as possible. If such uncertainty 
attaches to the determination of the physiological variations of the 
knee-jerk, great caution would appear to be required in establishing any 
conclusions about the influence of disease upon the same phenomenon. 
The conditions of the ordinary clinical test are hardly adapted to 
remove doubt as to the validity of results depending not merely upon 
few observations but also upon the state of mind of a patient vaguely 
disturbed as to what is to happen to him or even frightened about 
himself. 

The continual variations of the knee-jerk caused by the ever changing 
psychical condition of the individual suggested the possibility that the 
phenomenon would prove to be more uniform in persons of enfeebled 
mental activity, and that conclusions might therefore be drawn from a 
smaller number of observations. Experiments were, consequently, 
tried upon two patients suffering from dementia, whom Dr T. W. Fisher, 
superintendent of the Boston (Mass.) Lunatic Hospital, kindly brought 
to the laboratory. ‘The results were, however, no more satisfactory than 
with persons of intelligence, and the practical difficulties of making 
observations on patients of this sort were so great that the experiment 
was abandoned. It would seem therefore that the accurate formulation 
of the laws governing the physiological modifications of the knee-jerk 
must depend upon a still more extensive collection of observations on 
normal healthy individuals. 

In conclusion we desire to express our obligation to Miss Lucy Ellis, 
through whose generosity means were provided for securing the services 
of an accountant, whose whole time for eight months was devoted to 
tabulating and averaging the enormous mass of experimental data 
relating to the effect of sensory reinforcements. Our thanks are also 
due to Dr Russell Sturgis and to Messrs Abbot, Coggeshall, Fitz, 
Pearson and Perry, students of medicine, who kindly volunteered to 

become subjects for our experiments. 
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Postscript. It ought to be added that Lombard’ has shown that 
“occasionally the flexors, as well as the extensors, of the knee are seen 
to contract in response to the blow on the ligamentum patellae.” He 
considers this flexor contraction as of reflex origin and not the result of 
mechanical stimulation. The form of record used in our experiments 
does not permit an examination of them with reference to Lombard’s 
views. We may however profitably inquire whether the inhibition met 
with in our experiments may not be due to active contraction of the 
flexors and not to lessened activity of the extensor muscles. The charac- 
ter of the knee-jerk under these varying conditions is not favourable 
to such an explanation. The positively reinforced knee-jerk is com- 
monly quicker and more jerky than the normal knee-jerk, while 
the negatively reinforced (or inhibited) knee-jerk has usually lost the 
jerky character altogether and is not merely a quick kick whose length 
is lessened by opposition. At least such is the feeling at the time of 
the experiment, and such a difference in the movements can be readily 
observed although otr method does not record it. Numerous obser- 
vations noted on a 


also a negative knee-jerk, or flexion, at those intervals where the nega- 
tive reinforcement is found, Such a negative kick is most unusual in 
our observations, so rare, indeed, that we must consider it quite acci- 
dental. Then too the gradual and regular return to the normal as seen 
in our curves illustrating the influence of voluntary muscular reinforce- 
ment would seem to be at variance with the assumption that the action 
of the flexors was the inhibiting cause. But before these points can be 
definitely settled the time relations of the response of the flexors must 
be more clearly made out. On this most important point Lombard’s 
article throws little light, and it must not be forgotten that he himself 
speaks of the flexor contractions as only “ occasionally” occurring in his 
experiments. | 


1 « Qn the nature of the knee-jerk.” This Journal, vol. x., p. 122. 


; it. Were the inhibjfion due to the increased activity of antagonistic 

muscles it would-Seem probable that we should often have not merely . 

| the reduction’ of the knee-jerk to zero (i.e. complete inhibition), but 


THE CHEMISTRY OF RESPIRATION IN THE HORSE 
DURING REST AND WORK. By FRED SMITH, | 
MR.C.VS., FIC, Army Veterinary Department. 
Army Veterinary School, Aldershot. (Plate L) 


THE experiments on which this paper is based were commenced in 
September, 1886, and have, therefore, occupied three years. 

When I undertook the enquiry there was very little of importance 
known of the subject excepting the classical paper by Regnault and 
Reiset’, one by Dulong and Despretz’, and Boussingault’s experi- 
ments*® on the amount of carbon required daily by horses. During the 
present year, however, a very elaborate paper has been published 
on the Chemistry of Respiration in the Horse by Drs N. Zuntz and 
C. Lehmann of Berlin‘. Though somewhat anticipated in the matter, 
yet I feel that the experiments performed by myself are worth 
publishing, for the reason that the methods of enquiry adopted by 
Zuntz and Lehmann and myself are different, and I have attempted 
what they have not done, viz. an examination of each separate pace. 

It is not improbable that the different results obtained by Zuntz 
and Lehmann and myself may partly be accounted for by the methods 
of enquiry we respectively employed, and it is therefore essential that 
this question should first of all be considered. 

_ Zuntz and Lehmann’s Apparatus. A mask is adjusted to the 
horse’s head, and rendered tightly fitting by distending with air an 
india rubber tube which surrounds the top; at the bottom of the mask, 
which is partly of metal, are two openings, an inlet and outlet, guarded 
by valves. The mask is narrower below than above, and a piece of 


1 Compt. rend. T. 16, Ann. de Chim. et de Phys. 8 Sér., T. 27, also Recherches chimiques 
de la respiration des animaux des diverses classes, Paris, 1849. —_ 

* Ann. de Chim. et de Phys., T. 27, p, 338, “On the differences in the Respiration of 
Carnivora and Herbivora.” (I obtained these references from Colin’s Comparative Phys. 
and Lehmann’s Physiological Chemistry, Cavendish Soc.) 

Liebig’s Animal Chemistry. 

* “Untersuchungen iiber den Stoffwechzel des Pferdes bei Ruhe und Arbeit,” Zeit- 
schrift fiir wissenschaftliche Landwirthschaft, xvi. Band (1889) Heft 1. (This reference 
was kindly furnished me by Dr Gilbert, F.R.S.) 
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cord is passed around its middle portion to keep it more securely 
applied to the muzzle. 

I believe there are two cardinal faults in this mask. Firstly, it 
should be wider below than above to allow of the great dilatation of 
the nostrils which occurs when horses are being worked at fast paces, 
and secondly, the piece of cord referred to must compress the nostrils 
still further. When I made my first liead-gear I committed the same 
mistake, viz. making it too narrow below, and as a consequence, in spite 
of a large inlet tube, I found the horses experimented upon could not 
breathe with perfect freedom. 

In Zuntz and Lehmann’s apparatus the air passes from the mask 
through the outlet tube to a meter where it is measured: the outlet 
tube is connected with another just above the meter where a portion of 
air can be drawn off for analysis. 

In a second series of experiments they did away with the mask and 
placed in the trachea a large tampon cannula which possessed an inlet 
and outlet valve. 

The method adopted by these observers for obtaining work from the 
horse was highly ingenious and original. The animal was placed upon 
a moveable platform the floor of which revolved by machinery: it was 
practically a treadmill; the floor could be adjusted at any angle, and 
the platform moved at different velocities. On this structure the horse 
was confined by the necessary railings, and it is obvious that as the 
platform on which he was standing passed from under his feet, he was 
compelled to move his legs forward in order to keep his place. 

Greatly as I admire the ingenuity of the Authors, I take the most 


serious objection to this method of obtaining work as being unnatural 


in the extreme; and, in my opinion, it is impossible that results ob- 


tained in this way can compare with a walk, trot, canter, and gallop. 


Their gas analysis apparatus appears rather complicated; they deter- 
mined the oxygen by explosion, and the CO, by absorption. | 
The Author's Respiration Apparatus. I made many experiments 
before I finally adopted a method of collecting the expired air from 
horses. Several points had to be kept in view:—lIst, simplicity in 
construction; 2nd, something which in appearance was not likely to 
frighten horses when brought up to it; 3rd, a simple but rapid method 
of placing the horse in connection with the apparatus and of disengaging 
him should he prove fractious, so as to avoid injury to the structure ; 
4th, large inlet and outlet tubes. 
I adopted a bell-shaped metal mask (PI. I.) very wide below to allow 
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of the nostrils being dilated; it was rendered air-tight above by an 
india rubber cavity which ran round the top and could be distended with 
air; on the floor of the mask were two short tubes, inlet and outlet, 
three inches in diameter; they were not guarded by valves at this 
part, as experience showed me that when valves are employed they 
must be so situated as to be readily inspected ; I abandoned the idea of 
placing valves on the head-gear, but arranged them in two boxes on 
a table. The outlet and inlet tubes from the mask were connected with 
the apparatus by two flexible india rubber tubes, the object of which 
was to allow of upward and downward movement of the head without 
risk to the structure. From the india rubber union, which was only 
one foot long, a metal outlet tube was prolonged which curving down- 
ward terminated in a large valve box, 5 inches square, fixed on a table. 
The valve was of talc, the box of metal with a glass top, so that I was 
able to inspect the valves and also count the respirations ; the air passing 
through this box pressed open the tale valve, whilst the process of in- 
spiration closed it. The valve was placed in the box at an angle of 45°. 
This outlet valve box was in connection with a large tap guarding 
the entrance to the air receiver, which was an india rubber bag of 
20 cubic feet capacity. 

The air passing through the outlet ihe from the lungs passes into 
the valve box, presses open the talc valve and so gains an entry, by 
passing through the tap, into the india rubber bag or air holder. Let 
into the side of the big tap is a small one placed in connection, by 
means of a piece of flexible tubing, with an accurate gas meter. The 
tube conveying the air to the lungs commenced in a large box of 
3 cubic feet capacity, provided with a perforated tray containing pumice 
_ stone or coke saturated with KHO, to absorb the CO, from the ingoing 
air. In practice this large box was seldom used, a correction always 
being made for the atmospheric CO,; the inlet tube passed through a 
valve box constructed exactly the same as the outlet valve box ex- 
cepting that the piece of talc opened towards the horse ; from the box 
was continued a tube connected, by the flexible india rubber union, 
with the inlet tube placed in the floor of the head-gear. 

With the exception of the tubes leading to and from the horse, the 
whole of this apparatus was accommodated on a table 74 feet long, the 
valve boxes, tubes, and tap, being securely fastened down. | 

Say we wish to collect the expired air during repose, it is only 
necessary to place the horse’s muzzle inside the mask, distend the 
india rubber sac which surrounds the top of it by blowing through the 
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tube and closing it with a clip; open the big tap which guards the 
entrance to the india rubber air holder, and count the respirations by 
watching the valves; the experiment may last five minutes or longer, 
depending upon whether the horse is satisfied or not with his novel 
position. By this time the chamber contains a quantity of air, the tap 
is closed firmly and the horse’s head taken out of the mask. The small 
tap leading to the meter is now opened, and the bag slowly rolled up so 
as to completely expel its contents; this process is stopped about half 
way, and the tube leading to the meter unscrewed from the tap 


and one or more small india rubber bags attached to obtain samples of 


the air for analysis; the balance of the air is then run through the 
meter. 

If I am ‘siieehiiiiog the respiratory changes during labour, I have 
the horse worked over a known distance and ascertain the velocity by 
the watch. The full amount of work having been performed, such 
as trotting one, two, or three miles, or galloping a mile or so, the horse, 
without the loss of a moment, is placed on the apparatus and an 
observation made for 20 or 30 seconds, generally 20 seconds. The 
valves now open and close with such violence that the respirations may 
be counted many yards away. 

I am fully aware that the above method is not free from defects, 
but it is the only practicable one I could devise of collecting the air 
from horses performing natural work. I do not consider that the work 
performed on Zuntz and Lehmann’s platform can possibly compare 
with the work as obtained by me. 

In the analytical process I used Hempel’s apparatus and absorption 
pipettes. I at first used water as a confining medium, but afterwards 
mercury ; comparative analyses showed no appreciable loss of gases by 
using water; I have, however, kept the results separate, and have shown 
them for each pace as Series A and B. 

To use Hempel’s apparatus with mercury I arranged a special 
table and upright for raising the levelling tube. The CO, was absorbed 
by caustic potash, and the oxygen by potassium pyrogallate. 


Ewperimental Enquiry. 


The total number of horses employed for these respiration experi- 
ments was 35, and the total number of experiments performed 251. 
This does not include a large number made during the time I was 
arranging a method of collecting the air. 
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Zuntz and Lehmann only employed three horses, which may 
help to account for some of the differences in the results obtained 
by us. 

_ The nature of the diet of the animals experimented upon varied but 
slightly, they all received hay 12 lbs., and oats 10 Ibs. or 12 lbs. per 
diem. 

All observations are reduced to standard ‘ian ueinrs and pressure. 


Repose. 


Care was taken to ensure that the horses had complete rest for some 
hours before the observation was made. The number of experiments 
performed was 65, divided into two series A and B. In A water was 
used as a confining medium in the analytical work, in B mercury was 
employed. The following table shows the results obtained. 


Serizs A. 


No. of | Airexpired | exhaled | 0 absorbed 
experi- | per hour in per hour in per hour in —_ _ tf 
ments. cubic feet. cubic feet. cubic feet. quotient. 


43 80-783 | 1:02816 1:5662 65646 


(mean of 16 expts.) 
Series B. 


22 | . 67-556 12346 | 1-7057 | -7238 
(mean of 18 expts.) 


The respiration of the horses experimented upon varied in number 
from 9 to 12 per minute. The quantity of air expired varied consider- 
ably; the smallest quantity was 25c.ft. per hour, the largest 145 c.ft. 
per hour; roughly we may state the mean air of repose to be between 
70 and 80 c.ft. per hour. 

On referring to my tables I find that some horses expired a fairly 
regular quantity of air. 


3 
¥ 
‘ 
a 
44 
= 
4 
3 
= 
« 
4 
& 
4 
a 


70 SMITH. 


Lancer 1487 C.R. 


6140 c.ft. per hour aft. perhour o.ft. per hour 


82: 8 ” 68-7 ” 57 4 
— 58°6 73:1 
64:1 ” ” 79°3 ” ” 57-4 ” ” 
69°3 68-7 ” ” 57°4 


When we consider that there was an interval of days, often weeks, 
and not infrequently months between each of the above observations, I 
think we may safely assume that these quantities represent the ordinary 
tidal air of these horses. Some of the animals were by no means so 
satisfactory, No. 128, for example, whose air of repose varied from 44, 
52, 63, 88, 92, 100 to even 145 c.ft. per hour. So many observations 
were made on this mare, that a mean amount of 85°69 c.ft. per hour is 
not far from the truth. . 

I observe in Zuntz and Lehmann’s experiments exactly the same 
thing, one of their horses wearing a tracheal canula expired during 
repose a quantity of air which varied between 57°63 c.ft. and 14133 c.ft. 
per hour. | 

The Jargest amount of CO, expired per hour in Series A was 2'2019 
c.ft., and in Series B 2°2438 ; ‘the smallest amount of CO, expired per 
hour was, in Series A, ‘2173, and in B, 3949 c.ft. The largest amount of 
oxygen absorbed was, in A, 2°8041 c.ft., and in B, 2°2679 c.ft. per hour. 
The smallest amount of oxygen absorbed per hour was, in Series A, °4448, 
and in B, ‘9771 ¢.ft. per hour. ‘The carbon of the CO, is equal to, in 
round numbers, 2 oz, Troy per hour, or 3 lbs. in 24 hours. 

As repose is the only common ground on which Zuntz and 
Lehmann and myself can meet, it may be interesting to know what 
conclusions they have arrived at. I find as the mean of 13 experiments 
on one horse that they obtained 145°86 c.ft. of air expired per hour, 
3'3946 c.ft. of CO, produced, and 3°8127 c.ft. of oxygen absorbed. 

This does not represent all the experiments they made at repose, 
for they used three horses, but it is a complete series and I therefore 
reproduce it. They obtained more air, more CO,, and found more 


oxygen absorbed ; their respiratory quotient is also higher ; for the above 
it is 8903. 
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I think I have made it clear that in investigating the respiration of 
labour the animals were worked over a known distance at a known 
velocity, and when sufficient work had been produced they were, 
without the loss of a moment, placed in communication with the 
respiration apparatus for a short period, generally twenty seconds. I 
fully acknowledge that this method is open to objection, and even to 
serious error if the greatest care be not paid to every detail, and if 

skilled assistants be not employed, but I have no hesitation in affirming 
that the 20 second air as obtained by me truthfully represents what was 
passing from the lungs at work. 

The average pace at which the horses walked was four miles an hour, 
the number of animals experimented with was 21, the number of experi- 
ments performed 75, and the number of analyses made 49. 

A Series A and B is also described. 

The mean amount of air expired in A was 150°5881 c.ft., and in B 
11652 ft. per hour. The following table exhibits the principal points 
of interest. | 


Series A. 


No.of |Pacein| Air expired CO, exhaled O absorbed Tacenieas 
experi- | miles | per hour in per hour in per hour in alsa.” 
ments, {per hour} cubic feet. cubic feet. cubic feet. q 


150-5881 10972 22340 49113 
ak (mean of 29 expts.) 


Series B. 


10586 | 1-8429 57441 
(mean of 20 expts.) 


22 4 116-52 


In Series A the largest CO, expired was 4600 c.ft. and in B 18915 
c.ft. per hour; the smallest CO, expired was ‘1175 c.ft. in A, and ‘0030 
c.ft.in B. The largest oxygen absorbed was, in Series A 7'2526c.ft., — 
and in B 47941 c.ft. per hour. The smallest oxygen absorbed in A 
was ‘6220 c.ft., and in B, ‘3385 c.ft. per hour. 

The largest amount of air expired was 335°77 c.ft. per hour, the . 
smallest was 45°04c.ft. and the mean amount 133°55 c.ft. per hour. 
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Trot. 


. This pace has been one to which the greatest attention has been 
paid, for the reason that between it and the walk the largest amount 3 
of work which horses perform is carried out. > 

The total number of experiments made was 69, the number of s 
analyses 51, and the number of horses employed 21. Two series of 
experiments A and B are also shown. 

The largest amount of air expired was 635-4 c.ft, per hour, but 
the pace was exceptional, viz. 15 miles per hour; the mean amount of 


Series A. 


in| Air expired | CO, exhaled | 0 absorbed 
experi- miles per hour in per hour in per hour in = 
ments. Spe cubic feet. cubic feet. cubie feet. q j 


56374 
32 expts.) 


50 9 | 258 29482 


(mean of 
Series B. 
317°738 | 


52297 


19 4:8309 73140 6605 


(mean of 19 expts.) 


air was 288 c.ft. per hour. The largest amount of CO, exhaled was, in 

Series A 89885 c.ft., and in B 117495 c.ft. per hour. The smallest i 
CO, expired was, in A ‘1140c.ft., and in B 1°9370cft. per hour. The ee 
largest oxygen absorbed was 21°2016 c.ft. in Series A, and in B 15°0132 
c.ft. per hour; the smallest oxygen absorbed in Series A was °6842 c.ft. 
and in B 2:0632c.ft. per hour. 

I can only account for the discrepancies in the above table by the | 
introduction into Series A of a number of 10 second observations, the 
air of which was too small in quantity. There can be no doubt that . 
Series B is more correct. 


Canter. 


The number of experiments made at the canter and gallop is not 
large, principally because I considered the results obtained as being 
fairly uniform. 
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SERIES 

No. of " Air CO, exhaled O absorbed 
ments. | hour. cubic feet. cubic feet. cubic feet. q 

15 | 1247| 421-598 4-9159. 78610 | 62535 

(mean of 13 expts.) 

| Series B. 
17 50080 | 88397 | -56653 


1077 | 360-400. 
(mean of 17 expts.) 


The two series in this table compare very well, particularly as 
regards the CO, exhaled. 5 

The largest quantity of CO, expired in Series A was 7°9525 c.ft., and 
in B 69666 c.ft. per hour. The smallest CO, in A was 1°6336 c.ft., in B 
16606 c.ft. per hour. The largest oxygen absorbed was, in Series A, 
12'2280 c.ft., and in B 11°3817 c.ft. per hour; the least oxygen absorbed 
in Series A was 3°7645 c.ft., and in B 47619 c.ft. per hour. 

The largest amount of air expired at the canter was 604 c.ft., the 
smallest 231 c.ft. per hour. | 

Gallop. 


Zuntz and Lehmann state that oxidation becomes normal immedi- 
ately work ceases; this is very difficult to believe on looking at a horse 
after a race, or even after having been galloped a short distance, 
moreover a glance down the columns of the tables given below, and 
under canter, absolutely disproves this. 

The mean amount of air expired was 84909 c.ft. per hour; the 
largest quantity was 1356°5 c.ft., and the smallest 535-98 c.ft. per hour ; 
the more distressed the horse becomes the more air does he respire ; this 
remark applies to all paces. 


No. of in Air co, 0 Reapiratory 
- ur in r 
11 | 14-727 | 849-0989 | 14-9795 26-0708 5743 


The largest amount of CO, exhaled was 22°6289 c.ft. and the 
smallest 6'8579 c.ft. per hour. The largest oxygen absorbed was 
45°5786 c.ft., the least amount absorbed 152615 c.ft. per hour. 
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Zuntz and Lehmann have in their tables given an account of 
the respiratory processes after work. I have only obtained this 
information in three cases which are summarized in the following 


table. 
Distance. | Pace in | Air expired | CO, exhaled | 0 absorbed 
travelled | miles | in pie feet | in cubic feet | in cubic feet 
in miles. | per hour.| per hour. per hour. per hour. 
“Tommy ” 
(a pony) 
Repose 32-409 ‘7648 8844 4 
Work Trotting 6°4 190-116 2°3954 4°2966 4q 
54 miles | 
Rest (half an “ 
hour after 26°314 ‘4631 ‘7525 
work) 
No. 129 | : 
‘ork Galloping 20 1171-962 20°6265 34°6900 
1 mile 
Rest (one 
hour after 172814 | 1:3133 2°5230 
work) 
No. 54 
Work Galloping 15 706554 | 12°4353 15-2615 
2 miles 
59-3592 | 11693 |  1-2228 


"We may compare the above table with a similar one by Zuntz and 
Lehmann. 


No. of Air expired in | CO, exhaled O absorbed 
experiments. cubic feet in cubic feet in cubic feet 
One per hour. per hour. per hour. 


57-636 2-178 2-940 
Work 750°342 24-684 28-686 


After-work 130-530 3°726 3°708 


In the following table I have collected the mean of several 
experiments performed by Zuntz and Lehmann. It is impossible 
to compare their work with the various paces performed by my 
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horses, still, the figures will prove interesting in comparing them 
with mine, in demonstrating that oxidation does not fall to normal 
immediately after work ceases, and proving that my method of 
collecting the gases of respiration is possibly not vasa to that 


adopted = Zuntz and Lehmann. 


Air expired CO, exhaled | O absorbed 
in cubic feet | in cubic feet | in cubic feet 
per hour. per hour. per hour. 
Repose 145-8609 3°3946 3°8127 mean of 13 expts. 
Work 619-9813 19-2470 21°3670 
After-work 220°4027 4°6080 4-6910 


As I have had occasion to experiment several times on the one horse, 
I have appended a table showing what the same animal excretes 
at different paces. The horses employed for these experiments were 
worked daily until the series were completed, they are therefore 
not selected numbers, and may with confidence be compared among 


themselves. 
Horse. No. 88. 
Mi Air expir CO, exhaledin | 0 absorbed 
ont in cubic feet cubic feet |. in cubic feet 
ina * | per hour. per hour, per hour. 
85-632 1-2502 92-1065 
Repose 66-288 1:1666 1-6306 
4-09 147-06 1-8529 47941 
Walking 4:10 | 160-12 18915 92-7929 
8 348-48 61332 7-9756 
8 370-08 28120 6-8820 
Trotting 8 377-10 5-1285 6-9763 
8 403-74 3-8759 7-1058 
9-9 254-88 1-9370 43839 
9 446-58 6-9666 10-5392 
9 409-86 31149 8-0332 
9 989-78 4-9689 78047 
Cantering 9 355-32 41217 9-0961 
8:5 329-99 3-7458 8-915 
8-1 259°38 2-4900 4-7619 
360-90 1-6606 59926 
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F, SMITH. 
Horse. No. 128. 


Miles Air expired CO, exhaled O absorbed 
per hour in cubic feet in cubic feet in cubic feet 
: per hour. per hour. per hour. 
52-08 1-3332 1-6457 
Repose { 6348 |. 11172 |  1-6250 
41 72-00 10512 1-1952 
4 113-04 6330 6330 
4-2 190-08 18247 3°3454 
4:15 | 18684 1-4199 2-5410 
15 543-96 11-7495 15-0132 
15 635-40 10-5476 13-7246 
9 170-14 23-8243 3-8451 
4 310-50 3-9123 6-3963 
9 220-39 4-7589 7-184 
9 295-02 5-17.25 8-4375 
9 297-18 4-9331 7-6078 
9 340°74 5-629 9-0636 
8 241-20. 2-3155 5-2099 
975-40 3-4700 6-7748 
304-56 53602 |  8-4058 
ll 444-60 6-9357 11-3817 
Cantering 19 342-00 6-7032 10-8072 
407-50 6-3570 10°8395 


Without including the excellent performance of trotting at 15 
miles an hour, I think that on comparing the figures a fair amount 
of uniformity will be found, at least as much as in my experience 
such experiments are susceptible of. 

In my analytical vor I obtained a balance which I have called 
“undetermined gases”. This is in part at least probably due to errors 
of observation, but whether, and if so to what extent, it represents 
| nitrogen expired in excess of that inspired, or other gases given off, 
| I am unable to say. Regnault and Reiset as also Pettenkofer 
| and Voit found H and CH* in small quantities in the air of their 
| respiratory. chambers; but as far as I know there is as yet no evidence 

ih of these gases passing into the blood and so out by the lungs. 2 

ij | The following table shows the mean amount of these undetermined 

gases, in cubic feet per hour, which are excreted for each pace. 


| Repose Walk Trot Canter Gallop 
A. -48926cft. 11487 cft. 25297 cft. 28768cft. 66955 c.ft. 
| B. 36861 ,, ‘7650 ,, 2°4823 _,, 3°7406 _,, 


I regret that the information on this point is so very inexact. 
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In Zuntz and Lehmann’s elaborate investigations, especial care 
was taken to determine what proportions the oxygen absorbed bore 
to the actual mechanical work performed. It was necessary for this 
enquiry that some such apparatus as that figured by them should have 
been devised, for in work as ordinarily performed by horses, so many 
changes are constantly occurring, that to estimate the force employed 
_ with any degree of scientific exactitude would be impossible. Zuntz 
and Lehmann have been able to determine that there is no constant 
relation between the oxygen absorbed and the work performed. 

In some of the above observers’ “after work” experiments they 
found that the respiratory quotient became greatly altered, owing 
to the fact that more CO, was excreted than oxygen absorbed. 

Their experiments on horses at repose do not agree with ours, 
they obtained more air probably due to the small face mask quickening 
the respirations, or to the animal breathing directly into a meter. I 
tried the latter method for some time but considered it very unsatisfac-_ 
tory. Zuntz and Lehmann noticed the fact that the mask appeared 
to make their horses breathe quicker, and hence they inserted the 
tracheal canula. 

I several times observed with my horses that they appeared to 
hold their breath as soon as the mask was put on, this was only 
at repose, and though I rejected all observations where this appeared 
marked, yet it may help to account for some of the great differences 
observable in the tables. 

__A horse’s lungs when fully distended contain about one cubic foot of 
air. 

The following table presents a weeny of the respiratory changes 
at the different paces. 


: Undeter- 
Air expired | CO, expired | O absorbed 
par hour | pe | ys Boat | 
per hour. 
Re A | 80-783 | 1:02816| 1:5662 | -65646 48926 
pose] B | 67-556 | 1-:2346 | 1-7057 | -7238 36861 
Walk { A | 1505881 | 10972 | 2-2340 | -49113 | 1-1487 
B | 1165200 | 1:0586 | 1:8429 | ‘57441 7650 
Trot A | 258-000 | 2:9482 | 56374 | -52297 | 2:5297 
-B | 317-738 | 48309 | 7:3140 | -6605 | 2-4823 
Canter { A. | 421598 | 49159 | 7-8610 | 62535 | 2-8768 
B | 360-400 | 5:0080 | 88397 | 56653 | 3-7406 
Gallop 849:0989 | 14:9725 | 26-0708 | 5743 | 6°6955 
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EXPLANATION OF PLATE I., VOL. XI. 


: Respiration Apparatus seen from the front. 


The mask, placed on the ground. 

The india rubber tubes connecting it with 6 and 7. 

The india rubber sac, which when filled with air by blowing through 
the tube, (guarded by a clip), is distended and renders the mask 
air-tight above. 

A metal box with a a containing coke saturated with caustic 


A tube tending nearly to the bottom of 4, and connected with 6 by 
passing through the valve box. 

The inlet tube, behind it-is seen the square sees box. 

The outlet tube leading from the lungs to the receiving bag, 

The outlet valve box. | 

A big tap behind the valve box guarding the entrance to the 
receiver. 

An india rubber bag of 20 cubic feet capacity. 

A small tap let into the side of the big one, and communicating by 
means of a tube with the meter; it is opened when the bag is 
rolled up, 9 being tightly closed. The specimens of air for 
analysis are collected by unscrewing the rubber connecting tube 
from the tap, and attaching a receiver, a small bag of india 
rubber. 


Respiration Apparatus showing the Horse in position during an experiment. 
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CONCERNING EXPERIMENTS TO TEST THE INFLU- 
ENCE OF LIME, SODIUM AND POTASSIUM SALTS 
ON THE DEVELOPMENT OF OVA AND GROWTH 
OF TADPOLES. By SYDNEY RINGER, MD., F.RS. 


A FEw years back I drew attention to the effect of calcium and 
potassium salts on thé contraction of the frog’s heart’, and showed that 
the heart contractility is sustained by an adequate mixture of calcium 
and potassium salts in saline solution. I first employed calcium chloride 
and potassium chloride with bicarbonate of soda, but I subsequently 
found that a saturated solution of tribasic phosphate of lime’ in °6°/, 
saline solution with the addition of 1 cc. to 15 cc. of 1°/, solution of 
potassium chloride to 100 ¢.c. sustains normal contraction for a still 
longer time. 

I also tested the action of distilled water and distilled water con- 
taining sodium, or potassium or calcium salts® on fishes. Minnows 
placed in distilled water die on an average in about four hours, Sodium ° 
chloride, sodium bicarbonate and potassium chloride added singly to 
distilled water sustain life much longer and for about the same time, 
about two days; sodium bicarbonate prolonging life rather longer than 
either of the other two salts. : | 

Calcium chloride added to distilled water sustains life much longer 
than corresponding quantities of either sodium or potassium salts. The 
addition of sodium bicarbonate greatly enhances the life-prolonging 
effect of calcium chloride. 

The destructive action of distilled water appeared to be chiefly due 


to its disintegrating action on the exposed tissues of the fish and 


especially of the gills, 

With Dr Buxton‘ I then tested the effect of minute quantities of 
sodium and calcium salts on one of the simplest forms of contractile 
tissue, namely cilia. 

We found that distilled water quickly disintegrated the tissues, 


1 This Journal, Vol. tv. p. 29. 2 This Journal, Vol. vit. p. 291. 
3 This Journal, Vol. v. p. 98. 4 This Journal, Vol. v1. p. 158. 
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80 S. RINGER. 


separating and breaking up the ciliated cells, and so quickly arresting 
ciliary movements, whilst sodium and calcium salts prevent their 
disintegration and greatly prolong ciliary activity, sodium salts being 
more efficacious than calcium salts. We have here obviously an 
altogether different action to that .by which simple saline suspends 
contractility of cardiac muscle. When the frog’s heart is fed with simple 
saline contractility is lost in a few minutes, and can be restored by 
the addition of a calcium salt. In these experiments however, ciliary 
action persisted for about twenty-four hours, and the distilled water 
produced complete disintegration, so that contractility could not be 
restored by adding salts to the distilled water. Further, sodium bicar- 
bonate cannot sustain cardiac contractility, only a lime salt can do 
this, whereas in the above experiments sodium bicarbonate was certainly 
as efficient as calcium chloride in preventing disintegration and sus- 
taining ciliary action. With cilia it appears that distilled water affects 
the cement substance binding the cells together, and in a less degree 
disintegrates the cells themselves. 

I next tested the action of distilled water and distilled water con- 
taining calcium, sodium and potassium salts on Laminaria’. Laminaria 
swells prodigiously in distilled water, and this swelling is not lessened 
by the addition of sodium or potassium salts, though it is greatly con- 
. trolled by the addition of a minute quantity of a calcium salt. In the 
Fucoid Algz the cell consists of two parts, the outer being composed 
of a degradation compound, namely bassorin or tragacanth, and it is this 
material which binds the cells together and which swells up so enor- 
mously when the dried plant is placed in water. It appeared to me 
probable that the cement substance which unites the animal cells 
together might be of a similar nature, and behave in a similar manner ; 
and to some extent this is true, for the cement substance in both vege- 
table and animal tissues appears to be similarly affected by lime, thus 
preventing their imbibition of water, and so preventing swelling in the 
case of Alge and cn oie of tissue in the case of the freshwater 
mussel’s gills. 

Recently I have continued the investigation of the action of distilled 
water alone or containing sodium or potassium or calcium salts on 
animal tissues, and shall speak first of the action on the ova of frog’s 
spawn. 

In all these experiments the fluid was renewed at the end of twenty- 


1 This Journal, Vol. vir. p. 118. 
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four hours to remove any salts that had diffused from the ova or its 
mucilaginous envelope. 

Frog’s spawn placed in distilled water does not fanaa at all or 
very little. The mucilaginous envelope swells up to four to six times 
the size of ova in tap water or in distilled water containing calcium or 
sodium salts. 

In two or three days the vitelline membrane separates from the rest 
of the ovum and enlarges so that the ovum is seen lying in a large cell, 
about twice or three times its own size, and a little later between the 
swollen membrane and the rest of the ovum a white opaque substance 
forms which obscures the ovum, but is not developed equally in all 
parts of the sac formed of the distended vitelline membrane, so that 
some parts of the ovum are more obscured than others. The opaque | 
substance under the microscope looks like a low form of eee 
membrane containing a few fibres. , 

I next tested the effect of various lime salts added to distilled water, 
using the chloride, the nitrate, the sulphate and the tribasic phosphate 
salts. With the chloride and nitrate development proceeds further 
than with distilled water, but not so far as with calcium sulphate, 
whilst this in its turn is far inferior to tribasic phosphate of lime; these 
results correspond to the influence of lime salts on the frog’s heart, 
whose contractility is far better sustained by a saturated solution of 
tribasic phosphate of lime in °6°/, saline solution than by calcium 
chloride or calcium sulphate. 

I used solutions of various strength of calcium chloride, adding ir in 
different experiments, respectively, 5 c.c., 10 c.c.,20¢.c. and 40 c.c. of 2°/, 
solution to 1000 c.c. distilled water. The ova developed to a slight 
extent but did not usually escape from the mucilaginous envelope. 
They developed slowly, and did not appear to increase in size for the 
most part beyond the third or fourth day, but occasionally growth 
continued till the seventh or eighth day. The enlarged ova, as with 
distilled water, becomes surrounded by a sac composed apparently of 
the separated and enlarged vitelline membrane, and some of the opaque 
white material was formed between the wall of the sac and the con- 
tained ovum, though much less than in the experiments with distilled 
water, 

In the experiments with calcium nitrate I employed 20 c.c. of 2°/, 
solution to 1000 c.c. distilled water. The ova slowly developed and 
ceased to grow on the eighth to the eleventh day. 

With sulphate of lime I employed a saturated solution and one part 
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RINGER: 


of a saturated solution to two parts of distilled water. The difference 
in quantity of the lime salt did not modify in any way the rate or 
amount of development. — 

For the first three or four days the ova developed in these solutions 
as rapidly as ova placed in tap water, afterwards they grew much more 
slowly so that on the seventh to the tenth day the ova were only one 
half the size of ova in tap water. Most escaped from the mucilaginous 
envelope and lay almost motionless on their side. Most died on the 
tenth or eleventh day, one or two living till the thirteenth day. 

With a saturated solution of tribasic phosphate of lime in distilled 
water development progressed much better, indeed almost as rapidly 
as with tap water. After twenty days all were alive-in the phosphate 
solution, but only half the size of ova placed at the same time in tap 
water, and they lived as long as tadpoles in tap water. In these experi- 
ments the tadpoles were of course unfed, or this would have vitiated.the 
experiments by supplying them with other salts than the phosphates. 

These experiments prove that lime salts greatly assist development 
of ova but not in an equal degree, phosphate of lime being far more 
helpful than other preparations of lime. 

The amount of tribasic phosphate dissolved by distilled water is very 
small, only just discoverable by the oxalate of ammonium test, and it 
may be urged that the difference in the efficacy of the different forms 
of lime salts was due to the strength of the solution and not to the 
difference in the form of the salt. 

_ This view is certainly not correct, for with calcium chloride the 
weaker solutions did not contain more lime than the phosphate of lime 
solution, judging roughly by the visible deposit on precipitating the 
lime with oxalate of ammonium. 

I also tested the action of potassium chloride on the development of : 
ova, adding 20 and 40 c.c. of 1°/, solution to 1000 c.c. distilled water. 
Very little development occurred, scarcely more than with distilled 
water. The mucilaginous envelope swelled a little more than the 
envelope of ova placed in tap water, but much less than of ova in 
distilled water. 

It may be suggested that distilled water destroys the ova by 
diffaiae out potassium, sodium and calcium salts which are necessary 
for development and growth. This explanation however fails, for in the 
first place salts will not diffuse from living tissues probably because 
they are combined with the tissues, otherwise fish would be destroyed 
and the tissues of the gastro-intestinal tract would constantly be 
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destroyed after taking water. Moreover sulphate or nitrate or chloride 
of calcium would prevent diffusion of lime salts as completely as 
phosphate of lime, and indeed should do so more effectually, as in most 
of these experiments, chloride, sulphate and nitrate of lime solutions 
contained far more lime than the phosphate of lime solution. 

As the ova were in most of the experiments completely covered 
with the solution, it may be surmised that the superiority of tap water 
is due to its containing more air than the various saline solutions 
made with distilled water. This view however fails to explain the great 
superiority of phosphate of lime to other lime solutions. The greater 
quantity of air in tap water may perhaps explain the more rapid growth 
of .ova and tadpoles in tap water than in phosphate of lime solution, 
‘but I suggest that the more rapid development is in part due to the 
more abundant growth of low forms of vegetable life from the germs 
deposited by the dust of the room, for after many days tap water 
became of a slight greenish colour, and this was much more pronounced 
in tap water than in phosphate of lime solution. 

_ We have seen that with distilled water and some lime solutions the 
vitelline membrane separates from the rest of the ovum and becomes 
greatly distended. Is this due to diffusion or imbibition? Not to 
diffusion, as phosphate of lime solution containing a very minute 
quantity of lime prevents this, whilst it occurs in strong solutions of 
chloride and of sulphate of lime. : 

Finally, the destructive action of distilled water cannot be due to its 
causing great swelling of the mucilaginous coating of the ovum, for 
phosphate of lime solution causes much more swelling than stronger 
solutions of chloride or sulphate of lime, and yet as we have seen ova 
in phosphate of lime solutions develope well. 

I next performed a series of experiments of a similar kind with 
tadpoles. The tadpoles were for the most part hatched and kept 
unfed in tap water in the physiological laboratory. Some came from 
the country. Those hatched in the laboratory were about three weeks 
old. Whilst kept in the testing solution they were unfed’. 

Placed in distilled water tadpoles die in twelve to eighteen sees 
_ and one sees the epithelium covering then separating in flakes showing 
that as in previous experiments distilled water disintegrates tissues. _ 
_ Placed in distilled water containing 5 c.c., 10 c.c., 20c.c. and 40 c.c. 
of 1°/, solution of sodium bicarbonate in 500 of water they die in less 


1 They had therefore to eat only the albuminous covering cf the ova and any low 
organisms that grew in the exposed fluids from spores deposited from the air in the room. 
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than twenty-four hours. Hence bicarbonate of soda is unable to sustain 
life. 

Placed in a solution consisting of 5 c.c. of lime water to 1000 c.c. of 
distilled water tadpoles die in a few hours. 

Calcium chloride in solutions containing 5 c.c., 10 cc., 20 cc. and 
40 c.c. of 2°/, solution in 1000 c.c. of distilled water does not sustain 
tadpole life, for they died; some in six hours and the rest were found 
dead in twenty-four hours. The epithelium soon desquamated and 
was easily rubbed off. 

Tadpoles placed in a saturated solution of sulphate of lime or in a 
saturated solution diluted with two parts of distilled water speedily die, 
not living more than twenty-four hours and often dying much sooner. 

Carbonate of lime and tribasic phosphate of lime on the other hand 
sustain life for a considerable time. 

The solution with carbonate was formed by mixing precipitated 
carbonate of lime with distilled water. Of course carbonate of lime is 
insoluble and if tadpoles are at once placed in this fluid they speedily 
die, but if the mixturé is exposed several days then the fluid can 
sustain life, due no doubt to the formation of some bicarbonate of lime’. 
When placed in the solution exposed some days, all the tadpoles were 
alive after ten days but were very inactive, much more so than tadpoles 
kept much longer, unfed in tap water. 

Tribasic phosphate of lime too is well able to sustain life. This has 
been already shown, for ova mature and hatch in such a solution and 
then continued to live from.three weeks toa month. Further experi- 
ments were made. Tadpoles reared in tap water were placed in tribasic 
phosphate solution and lived from ten to twenty days. 

In conclusion, I draw attention to the interesting fact that those 


lime salts most efficacious in sustaining function of cardiac tissue are 


those best adapted to sustain life and growth in ova and tadpoles; 
phosphate of lime being far more efficacious than sulphate and the 
sulphate somewhat more efficacious than chloride. I have not made 
sufficient experiments with carbonate of lime to test its influence in 
cardiac muscle. It would appear that those salts of lime where the lime 
atom is least saturated by the acid are the most capable of sustaining 
function, 


1 This is shown by the precipitate that occurs when oxalate of ammonium is added to 
the fluid, 
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ON THE REGULATION OF THE BLOOD-SUPPLY OF 


THE BRAIN. By C. 8S ROY, M.D, F.RS., Professor of 
Pathology, University of Cambridge, anv C. S. SHERRINGTON, 
M.B., M.A., Fellow of Gonville and Caius College. Lecturer on 
Physwology wm the School of St Thomas's Hospital, London. 
Plates IL, III. and IV. 


From the Cambridge Pathological Laboratory. 


ONE marked characteristic of the literature dealing with the cerebral 
circulation is, we think, the contradictory nature of the results which 


have been obtained by different investigators. _ 
-- There is no reason, we imagine, for doubting that the cause of 


these discrepancies is to be found in the great difficulty of avoiding 
the sources of error which plentifully surround the subject, and in 


overcoming certain technical difficulties which we shall presently 


have to refer to. The ease with which one can obtain results upon 
certain points, on taking up the subject, is itself, we believe, apt 


_ to make the inquirer careless in controlling sources of error, which, 


it may be noted, are some of them not at first sight obvious. We 
must on this account say more about the technology of our subject 
than would be necessary were the subject a simpler one. 


Methods employed by other observers, 


In order that the bearing of our method may be understood, we — 
think it well to refer to some of the other modes by which different 
observers have investigated the cerebral circulation, Some observers 
have simply inspected the exposed pia mater, as was done by Haller’. 
In most, if not all, of these experiments there appears to have been 
no simultaneous record taken of the arterial or venous pressure, That 
such a method, so rough in itself, could easily lead to untrustworthy 
results—giving as it does no means of distinguishing active changes in 
calibre of the cerebral vessels from passive variations of their width 
produced by changes in the arterial and venous pressures—will, we — 
think, be readily admitted. 

1 Opera Minora. Tom. 1. p. 131, 
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Measurement of the outflow from one of the cerebral veins’ is, in 
many respects, a considerable improvement on the mode by simple 
inspection. It is not, however, an easy thing to obtain graphic records 
of the venous out-flow from the brain which can be compared with 
graphic records of the arterial pressure. Owing to this and other 
‘inherent difficulties, - method has, .as yet, been but scantily em- 
ployed. 

“The method used Francois-Franck? and Hiirthle’, of measur- 
ing simultaneously the pressures in one of the systemic arteries and in 

the cerebral end of the cut internal carotid is, we think, by no means 
_ free from serious sources of error, The freedom of anastomosis between 
the vessels forming the circle of Willis cannot, we are of opinion, 
be assumed to bear any constant relation to the degree of expansion 
of the vessels supplying the brain-substance. We may also add that 
we do not gather from the papers in question that adequate precautions 
were taken to control mistakes arising from changes in the general — 
venous pressure. | 

A fourth method, with which valuable work has been done by 
Mosso‘* and others, can be employed in man in cases where there 
is a defect of some part of the cranial vault. Such apertures being 
usually closed by a more or less elastic fibrous membrane, it is possible 
to see, feel, and, if desired, to record graphically the changes in volume 
of the cranial contents which result from variations in the amount of 
blood present within the intracranial vessels. Much of our knowledge 
regarding some of the characteristics of the cerebral circulation has 
been obtained by this method, which is well fitted to give information 
with regard to certain points, By it can be learned some of the 
conditions which cause cerebral congestion, and certain of those which 
produce cerebral anemia. We can also study the form of the pulse- 
curve which results from changes in the pressure of the cerebro-spinal 
fluid after each heart-beat. We cannot, however, in man measure the 
pressure either in the systemic arteries or in the veins, so that we 
cannot tell whether any of the changes i in the volume of the brain are 
or are not due to active changes in the calibre of the cerebral blood- 
vessels, Nor can we in man make such experiments as involve the 
section or stimulation of nerves, or observe the effects on the cerebral 


1 Gaertner u. Wagner, Wien. Med. Wochensch. 1887. No. 19 and 20, 
2 Sur les Fonctions Motrices du Cerveau, p. 199. Paris, 1887. 

3 ‘‘Beitriige zur Haemodynamik.” Pfliiger’s Arch. Bd. xurv. 8. 561. 
+ Ueber den Kreislauf d. Blutes im Menschlichen Gehirn, Leipzig, 1881. 
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blood-supply of poisons or of certain remedies which are used in 
medicine. 

These objections do not apply in the case of observations made on the 
lower animals with an artificial opening through the skull and dura 
mater. Simple and satisfactory as this latter method may seem at first 
sight, there are certain technical difficulties connected with it which 
presumably is the reason why it has been adopted by only a small 
number of observers. Further, it appears that, so far as we can learn, 
all those who have applied this method have employed it to study varia- 
tions of intracranial pressure merely, the junction between the recording 
instrument and the cranial cavity being watertight, so that the record 
obtained is influenced to an enormous extent by passive changes in 
calibre of the large arteries and veins. We incline to believe that the 
observers who have used this method have not sufficiently recognised 
the necessity of taking, simultaneously with the curve from the cranial 
_ cavity, graphic records both of the arterial and venous pressures. The 
influence of changes in these latter where this method is employed, 
is so great that results obtained without due control of them must, 
we think, be looked upon as likely to mislead. A practical objection 
which has stood in the way of the employment of the method is that 
the brain, the volume of which can be greatly increased by a variety 
of ‘causes, may, by protruding through the trepan hole, more or less 
— plug it, thereby preventing further records being taken. 


Method employed by us. 


_ Our observations were made chiefly on dogs, although many of our 
results were controlled by repeating the experiment on cats or rabbits. 
The animals were in most cases under the influence of curare in addition 
to an anesthetic. | 

A trepan hole—about 22 mm. in » diameter i in the case of dogs, but 
smaller when a cat or a rabbit was used—was made as near the middle 
line of the vertex of the cranium as is compatible with avoidance of the 
longitudinal sinus, after which the subjacent dura was removed by a 
circular incision. 

After any vozing of blood from the diploe had ceased, a small metal 
capsule, of a size corresponding with that of the trepan hole, was fixed 
over the aperture by means of screws. The shape of the capsule, and 
the mode of fixing it firmly to the skull can be seen on reference to 
Fig. 1. Pl. II. 

The lower opening of the bell-shaped capsule (a) is closed by a very 
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flexible, delicate, animal membrane’ (e), of the kind already used by one 
of us (R.) in other apparatus. It is tied on in such a way that it 
readily follows all changes in the level of the part of the cortex on 
which it rests, while it prevents any escape of the air with which the 
capsule i is filled. Outside the capsule, about two mm. from its lower 
edge, is a projecting rim (b), which rests on the external surface of 
the cranial bone. This rim has in it two notches, in which fit two 
metal pins (¢ and d), bent at right angles at their lower ends, so that they 
can hook under the bone on opposite sides of the hole. By means of 
small thumb-screws on the upper parts of these pins, the capsule is held 
firmly in position. The upper opening of the capsule is connected by 
means of rigid-walled tubing with the recording apparatus. This latter 
consists ofan arrangement similar to that which one of us has de- 
scribed* as useful for studying the form of the pulse-wave and which 
is shewn in Fig. la, Pl. IT. A light piston, escape of fluid by the side 
of which is prevented by a flexible membrane of the kind already 
referred to, conveys to a recording lever any changes in the volume of 
the brain. In order to prevent the cortex protruding and thus plugging 
the trepan hole, pressure on the brain of any desired force can be 
exerted by means of a delicate thread of india-rubber which presses 
down the piston. 

This object can, we find, however, be still better attained, by hanging 
a small weight (one gramme) on the lever at any desired distance from 
its axis. By this means it is easy to keep the volume of the brain 
within appropriate limits. When the brain tends to expand too much, 
the weight is placed nearer the writing point of the lever, when, on the 
other hand, the tendency to contraction passes the desired limit, the 
weight is placed nearer the axis or beyond it, so as to reduce sufficiently 
the weight of both lever and piston. 

As we did not desire to study the form of the pulse-curve obtainable 
from the contents of the cranial cavity, the increase of inertia resulting 
from the employment of the small weight does not invalidate the 
trustworthiness of the record obtained in regard to those points on 
which we wished to obtain information from it. 

We have carefully avoided any risk of the graphic record of changes | 
in the volume of the cerebral hemisphere being affected by alterations 
in the pressure of the cerebro-spinal fluid. The cerebro-spinal fluid 
was permitted to escape freely from the cranial cavity by the side 


1 Obtainable from the Cambridge Scientific Instrument stdin 
2 Roy. This Journal, Vol. 1. 
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of the metal capsule. In the few cases where we saw reason to 
suspect any obstruction to the free escape of this fluid, one or more 
deep notches were made with “parrot bill” bone-forceps in the edge 
of the trepan hole, in order to be certain of eliminating the influence 
of pressure changes in this fluid. Our apparatus is, therefore, intended 
to register the variations of vertical thickness of the cerebral 
hemisphere. It was early found advisable to magnify the graphic 
record much less than has been done by those who have worked upon 
the intra-cranial pulse-wave. As can be seen by reference to our 
tracings, the pulse is never magnified more than just sufficiently to 
indicate the individual waves. All the results recorded in the following 
pages were obtained from experiments in which the arterial pressure 
in one of the femorals was recorded at the same time as the onco- 
graphic tracing of the brain was taken. 

We have, further, controlled all results on which, in the following 
pages, any weight is laid by observing the venous pressure in one of 
the jugulars, in which was inserted a T tube connected with a mano- 
- meter containing sodium bicarbonate solution. We are now convinced 
that, in observations on the cerebral circulation, it is essential to measure, 
during the experiment, both the arterial and the jugular pressures, 
Had this been done by previous observers, we are of opinion that the 
literature of the subject would not contain so many discrepancies, 


I Ev¥rects oF STIMULATION OF SENSORY NERVES, 
(Figs. 2, 3, 7, 8.) 


Stimulation by induced currents of the uncut, or of the central end 
of the cut, sciatic nerve always, in our experiments, produced expansion 
of the brain. The expansion begins almost. immediately after the 
commencement of the stimulation, and lasts a varying number of 
seconds after the latter has ceased. The volume of the brain then 
returns to what it was before the application of the stimulus. A 
similar effect on the volume of the brain results from stimulation of 
any other sensory nerve. Amongst other nerve-trunks stimulated for 
this purpose we may mention the ulnar, lingual, musculo-cutaneous, 
splanchnic and vago-sympathetic, Stimulation of the skin or con- 
junctiva has a similar effect on the vessels of the brain. 

As to the nature of this expansion, it is found to go more or less 
hand in hand with that rise of pressure in the systemic arteries which 
results from stimulation of sensory nerves. 
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Figs.-2 and 3, Pl. IL may be referred to as typical examples of the 
general correspondence between the brain-curve and that of the blood-. 
pressure in the aorta. 

In Fig. 2, shewing the effect of electric stimulation by the induced 
current of the central end:of the cut sciatic nerve, it can be seen that 
the summit of the wave of cerebral expansion is flatter than that of the 
corresponding wave of increased arterial pressure. This characteristic 
is to be seen also in Figs. 7 and 8, Pl. IIL, and, indeed, is usually to 
be found in our curves of passive arterial congestion of the brain. It 
is presumably due to the friction within the small arteries, capillaries, 
and veins of the brain retarding the escape of blood from the organ and 
preventing the decrease in volume of the hemisphere from accompanying 
exactly the fall of the arterial pressure. In the case of Fig, 3, there is 
a less exact correspondence between the volumetric brain-curve and 
thé tracing of the arterial blood-pressure. That this want of fairly 
complete conformity between the curves in Fig. 3, as well as in other 
similar cases, is due to changes in the venous pressure is not we find 
very easy to prove or to disprove. We do not feel prepared to say 
more than that according to our observations, the increase in the 
yolume of the brain which results from stimulation of 
sensory nerves is mainly if not entirely due to passive or 
elastic distension of its vessels as a result of the rise of 
blood-pressure in the systemic arteries. 

It may be added that the increase in volume of the brain which is 
produced in this way is relatively much greater than that met with in 
cases of passive arterial congestion of the kidney for example, which, of 
éourse, is only what might @ priori be expected, whén it is remembered 
how thin-walled are the cerebral vessels — with the vessels of 
other organs and tissues. — 


II. ErrEcts OF INTERFERENCE WITH THE INFLOW OR OUTFLOW OF 
| BLOOD FROM THE CRANIUM. 


Closure of both carotids causes, as might be expected, enormous 
contraction of the brain. Closure’ of one carotid did not, in any of our 
experiments, produce an appreciable effect on the volume of the organ, 
nor did the closure of one jugular vein affect the volume appreciably. 

Closure of both external jugulars, either by ligature of these veins, 
or by tightening a cord round the neck, so as to close the veins without 
hindering the flow through the arteries, causes. excessive expansion of 
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the brain. It must, therefore, be kept in mind that the pressure in the 
veins influences readily the volume of the brain. 

Lowering of the arterial pressure from loss of blood or other cause, is 
accompanied by a diminution in the volume of the brain. The cerebral 
anemia so produced follows so closely the blood-pressure curve that it 
must be looked upon as resulting entirely from passive contraction 4 
the elastic walls of the cerebral vessels. 


III. Aspayxu. 


Stoppage of the artificial respiration, in cases acs that is Laine 
_employed in curarized animals, causes a great expansion of the brain. 
This expansion occurs at a varying time after the respiration has been 
stopped, and it commences more or less simultaneously with the rise of 
arterial pressure which usually results from asphyxia. — 

The curves of Figs. 4 and 5, Pl. IL, shew, however, that although 
the oncographic and the blood-pressure curves may rise more or less” 
simultaneously, they by no means correspond to one another in their 
later course. 

In Fig. 4 the expansion of the brain continues for a few minutes 
after the blood-pressure has fallen to the level which it shewed before 
the respiration was stopped. 

In Fig. 5, on the other hand, there is less correspondence between 
the expansion of the brain and the arterial pressure, which latter rises 
but very little as a result of the arrest of the respiration. 

These curves shew that the heightened arterial pressure in asphyxia, 
although it necessarily assists in expanding the brain, cannot be looked 
upon as the only factor. In considering the question whether this 
asphyxial congestion of the brain be an active or a passive one it is 
mainly the possibility of the volume of the brain being affected by 
changes in the venous Pressure which must be considered. If the 
changes in the pressure in one of the jugulars be measured during the 
asphyxial condition it will be found that, in most cases, no increase of 
pressure in the veins takes place. On the contrary, during the earlier 
stages of asphyxia, with which alone we are at present concerned, there 
is usually a fall of the venous pressure as can be seen in Fig. 6, Pl. EI. 
In that curve is shewn the usual effect of asphyxia on the venous 
pressure which was recorded stnaltanspanly with the pressure in one 
of the femorals. 

On comparing the venous and arterial pressures with the oncographic 
curve we find, then, that there is no rise of venous pressure such as 
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might explain the expansion of the cerebral vessels, and that, by no 
means infrequently, the venous as well as the arterial pressure has 
returned to that which it presented before the respiration was stopped, 
while the brain remains for a varying number of minutes more ex- 
panded than betore. 

It must, therefore, be admitted that during asphyxia active ex- 
pansion of the verebral vessels takes place in addition to the passive 
distension which results from the rise of the arterial, and in certain 
instances, of the venous pressure. We shall have occasion to refer 
to the possible explanation of the active expansion of the cerebral 
vessels during asphyxia when we are considering the effect on the 
cerebral circulation of interference with the nutrition of the brain. 


IV. EFrecr oF DIRECT STIMULATION OF THE MEDULLA 
OBLONGATA. 


Direct stimulation by the induced current of the medulla oblongata, 
in curarized animals, causes congestion of the brain. This congestion, 
as in the case of certain others already referred to, is passive (arterial), 
going hand in hand, as it does, with the rise of arterial pressure which 
results from the narrowing of the vessels of other organs and tissues of 
the body. Induced currents passed through the spinal cord at various 
parts of its length have an effect upon the brain similar to that pro- 
duced by stimulation of the medulla. 

We have been unable to convince ourselves that there is any 
accompanying active expansion of the cerebral vessels. The curves 
obtained resemble those produced when the central end of a sensory 
nerve is stimulated. 


V. “TRAUBE-HERING” CURVES. 


In Fig, 4, Pl. IIT., can be seen the changes in yolume of the brain 
which occur when the vaso-motor centre causes the rhythmic variations 
of the blood-pressure which are generally called “Traube-Hering” 
waves, When these undulations appear during an experiment on 
the cerebral circulation (and in our experience they are especially 
frequently met with in such experiments), the brain expands with each 
rise of the blood-pressure and contracts with each successive fall, as is 
well shewn in Fig. 4, where it can also be seen that the oncograph 
waves are more rounded at their summits than are the corresponding 
blood-pressure waves—a point which we have already referred to. 
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VI. Errect or MuscuLar Movements. 


If the animal struggle while under the influence of a weak dose of 
curare, or when it is under either chloroform or morphia alone, the 
muscular movements are accompanied by cerebral congestion which 
may be very considerable in extent. The congestion appears, in this 
case also, to result mainly, if not exclusively, from the rise of pressure 
in the arteries and veins. The curve of volume of the brain resembles 
in its general characters that of the arterial pressure, although the rise 
of the venous pressure must assist in expanding the cerebral vessels. 
The more generalized and powerful the muscular movements are the 
greater is the concomitant congestion of the brain. As in the case of 
stimulation of sensory nerves, we cannot be certain that the cerebral 
congestion is not due in some degree to active expansion of certain of 
the cerebral vessels, although certainly the main cause is the rise of 
pressure in the arteries and veins, 


VII. Vacus or RaBBit. VAGO-SYMPATHETIC AND SPLANCHNIC 
OF THE Dog. 


‘In the rabbit, stimulation of the uncut vagus caused diminution of 
the volume of the brain in the two experiments in which we tried it. 
This contraction appeared to be due to the fall of blood-pressure which 
usually results from excitation of the vagus in that animal. 

The literature of the cerebral circulation contains accounts of 
curiously discrepant results which have been obtained as a result of 
section or stimulation of the vago-sympathetic in the dog or of the 
corresponding nerves of the cat or rabbit. It has given us much food 
for reflection to compare our own results with those of other observers, 
keeping in mind in each case the method which had been employed’. 

A glance at Figs. 7, 8, and 9, Pl. IIT. will shew that the effects on 
the volume of the brain of stimulation of the vago-sympathetic, whether 
of the undivided nerve or of its upper cut end (the corresponding nerve 
of the other side being. intact) may be, at first sight, serowrate.s con- 
tradictory, 

In Fig. 7 can be seen two of the effects of stimulation by the indloced 
current of the central end of the divided vago-sympathetic nerve of one 
side. The cut nerve was thrice stimulated, the same strength of current 
being employed in each case, On the first stimulation the blood- 


1 A résumé of most of the German observations ¢ on this subject is given in Hiirthle’s 
paper, l.c., 8. 578, 
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pressure rose, the brain expanding with the rise, and contracting with 
the fall, of the arterial pressure. As a final result however the brain 
was left less expanded than it was before the stimulation. 

On repeating the stimulation about a minute later, the benin at 
once began to expand, the oncograph tracing ascending until, in about 
another minute, the lever point had nearly reached the upper edge of the 
paper, which level however was as high as it was possible for it to reach. 
Be it noted in passing that this second stimulation did not cause more 
than a comparatively slight rise of the arterial pressure. A third stimu- 
lation increased the rapidity of the expansion of the cerebral vessels, 
although this increased rapidity of expansion is accompanied by a con- 
siderable rise of the arterial pressure-curve and is therefore eens 
due to passive arterial congestion. 

Fig. 8 shews two other instances from another dog of the effect of 
stimulating the central end of the cut left vago-sympathetic, the cor- 
responding nerve of the other side being intact as in the case. of Fig. 7. 
Here, again, the interrupted currents were of the same strength in both 
stimulations. With the first excitation, the brain expanded with ‘the 
rise of arterial pressure, afterwards decreasing “part passu” with it 
for a certain time. It continued, however, to diminish until the lever 
point fell below the drum, although there was no corresponding fall of 
the kymographic tracing. 

As the brain remained contracted, the drum was stopped for “ 
moment and the lever point raised by moving the weight to another 
point on its length, so as to lessen the pressure on the brain. Pees. 

On repeating the stimulation the oncographic curve rose and fell 
with the rise and fall of the kymographic tracing which it followed 
very fairly exactly, although the brain at the end remained more ex- 
panded than it had been immediately before the second excitation of 
the nerve. 

In the first part of Fig. 9 is shewn one of the effects of electric 
excitation of the uncut vago-sympathetic. As can be seen, the result 
in this case was a great expansion of the brain which accompanied an 
actual fall of the arterial pressure. 

The above described results, which were to us at first sight 
very confusing, cannot all of them be produced at will in the case of 
any given animal. The mere fact, however, that effects so contradic- 
tory in appearance can be produced by stimulation of the nerve in 
question, leaves small room for wonder that the results of previous 
observers should have differed so much from one another as they do— 
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why some have found vaso-constrictors for the brain and some vaso- 
dilators for that organ in the cervical sympathetic or vago-sympathetic, 
while some found that this nerve had no direct influence on the cerebral 
vessels. 

The results of section of one or both of these nerves may, we found, 
produce in one experiment anemia of the brain, in a second congestion, 
_ while, in a third, no noticeable effect on the brain is produced. In cases 
where a positive result follows section of these nerves, it is not accom- 
panied by any such change in the arterial pressure as could be supposed 
to be the cause of it. This want of conformity between the oncographic 
and kymographic tracings is illustrated by Fig. 10, Pl. IV., which 
shews expansion of the cerebral vessels resulting from the section, first 
of one and then of the other, of the two vago-sympathetics. ) 

Of course, with such extraordinary results of section and stimulation 
of the nerves in question, as are illustrated by the Figs. 7, 8, 9 and 10, 
and which we have just attempted to describe, it was impossible for 
us at first to avoid the feeling that we were a very long way indeed 
from a true comprehension of the matter. 

We thought that escape of current from our sluoteolles might per- 
haps explain the mystery, and sought to control that source of error by 
stimulating the carotid sheath as well as by excitation of the smaller 
nerves of the front of the neck. We even applied an induced current 
to the thyroid gland! At length, and somewhat with a feeling of despair, 
we tried stimulation of the lower end of the cut vago-sympathetic with 
results, one of which is illustrated in the second half of Fig. 9. 

This tracing shews, that when the cardiac end of the cut vago- 
sympathetic is excited, there may be marked expansion of the cerebral 
vessels accompanying a diminution of the medium blood-pressure in the 
arteries. On learning this fact, it gradually dawned upon us that we 
had been looking at the matter upside down; in other words that the 
above described results, which were of so puzzling a kind when one 
sought to explain them as due to the action of ascending fibres in the 
vago-sympathetic might be much more easy of interpretation, if we tried 
to find how far they could be explained by some action of descendin g 
fibres in the nerves in question. 

A brief inquiry in this latter direction put the matter on a very 
simple footing indeed, in so far at all events, as the cerebral circulation 
is concerned. We found, namely, that in the vago-sympathelic there 
exist descending fibres capable of influencing powerfully the general 
venous pressure, and that direct stimulation of the lower end. of the cut 
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nerve may cause either rise or fall of the pressure in the great veins 


We found, also, that the same twofold effect may be called forth by 
reflex stimulation of these nerves, ze. by exciting the upper end of 
one cut nerve while the corresponding nerve of the other side is intact, 
and that this reflex ceases when both nerves are cut. Where both 
vago-sympathetics have been cut, electric stimulation of the cerebral 
end of one of them produces results similar to those produced by ex- — 


We found, by direct observation, that we could not obtain any of the 
well-marked effects on the cerebral circulation of stimulation of the 
vago-sympathetic, which are illustrated by our curves, without the pro- 
duction at the same time of a change in the intra-venous pressure - 
corresponding closely to the former in direction and extent. We can 
see therefore no room for doubting that the changes in the volume 
of the brain which are produced by stimulation or section 
of the vago-sympathetic nerves, are passive in nature, and 
can be explained by changes in the pressure of the blood 


A rise of the venous pressure equal to 3 or 4 inches of water- 
pressure, is of no uncommon occurrence as a result of stimulation of 
the lower end of the cut vago-sympathetic. On the other hand a fall 
of pressure in the jugulars cannot of course lead to the pressure in them 


As to the mechanism by which shen changes i in venous pressure 
are produced they might, we presume, be due to vasomotor fibres acting 
directly on the muscular coat of the veins, or affecting the freedom with 
which the blood enters or leaves the veins. This is a matter which we 
cannot go into here and we only note in passing that, according to 
our observations, there are in the vago-sympathetic nerves 
descending fibres, section or stimulation of which can pro- 
duce either a rise or a fall of the general venous pressure, 
and that these fibres can be called into action either by direct 
stimulation, or reflexly, by excitation of ascending fibres, the 
corresponding nerve of the other side being intact, 

‘Stimulation of the splanchnic nerves caused, in the two instances 
in which we tried its effect, changes in the volume of the brain which 
were so completely in accordance with the arterial pressure-curve 
that there was no doubt that the changes were due to passive arterial 
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VIII. EFFrEects OF DRUGS ON THE CEREBRAL CIRCULATION. 


1. Chloral Hydrate. 


Chloral produces marked contraction of the brain which is not 
accompanied by any corresponding fall in the arterial pressure. In 
one instance, this cerebral anemia was preceded by a temporary con- 
gestion lasting two or three minutes. In all of our experiments on this 
subject, the diminution in volume resulting from the administration of 
chloral (in medicinal doses) was gradual, and continued for a considerable 
time after the injection of the solution into the vein. We have made 
no observations on the question as to whether or not the venous pressure 
is altered by chloral. 

2. Chloroform, 

When administered in the usual way by inhalation, chloroform causes 
marked contraction of the brain which is only in part due, so far as we 
have observed, to the fall of the arterial pressure. In one of our 


_ experiments, no appreciable change in the volume of the brain resulted 


from inhalation of chloroform. 


3. Sulphuric Ether. 


- When injected into a vein, Sulphuric Ether in medicinal doses 
causes great expansion of the brain which is probably due to the rise 
of venous pressure which is likewise produced. When inhaled, primary 
contraction, lasting for a varying time, is followed by well-marked 
expansion. 
4. Morphia. 

Medicinal doses of morphia caused, when injected into a vein, con- 
traction of the brain, but this, in our few experiments on the subject, 
was found to be slight in extent, though somewhat lasting. Tincture 
of opium produced, in some cases, primary contraction of the cerebral 
vessels which lasted for some time. In other instances, a primary ex- 
pansion of the brain passed over into a secondary contraction; whilst in 


others there was primary expansion of the cerebral vessels which lasted 


till the animal experimented upon was killed. This was the case in 
the experiment which is illustrated by Fig. 12, Pl. IV. We do not 
know how far any changes in the venous pressure are responsible for 
these effects. They are not the results of changes in the arterial 
pressure. Contraction, i.e. anemia of the brain, was on the whole the 
most constant and marked effect of the intra-venous injection of 
medicinal doses of opium. 
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5. Bromide of Potassium. 


Intra-venous injection of a solution of Potassium Bromide, in 
medicinal doses, causes expansion of the brain, this expansion having 
been preceded in two instances by temporary contraction of the organ. 


6. Strychnia. 


Injection into a vein of a sub-lethal dose of Liquor Strychnie pro- 
duces enormous expansion of the brain. Even with small doses the 
congestion of the cerebral vessels is very great. Our curves shew no 
primary contraction of the brain—the rise commencing in a minute or 
a little more, after the injection of the drug, and rapidly carrying thc 
lever point beyond the top of the drum, as can be seen in Fig. 11, 
Pl.IV. We have not been able to determine satisfactorily whether this 
strychnia congestion is or is not exclusively due to the rise of arterial 
pressure which is so marked a result of the administration of strychnia. 
The sudden and great expansion of the brain begins at the same 
moment of time as the rise of the blood-pressure curve. 

Girtner and Wagner’, whose method excluded the effect on the | 
cerebral circulation of changes of the venous pressure, found that — 


_strychnia produced a very great increase in the amount of blood 


leaving the transverse sinus, which increase they ascribe entirely to the 
rise of the arterial pressure. Instead of leaving the transverse sinus 
drop by drop, as is usually the case, the blood, after administration 
of strychnia, spirts out in a continuous stream. | 


7. Caffein. 


Caffein when introduced into a vein in medicinal doses, produced i in 
the two instances in which we have tried its effect, a slight primary 
expansion, then a slight transient contraction followed by a persistent 


and well-marked expansion, leaving the brain more: r expended than 


before the caffein was injected. 
8. Acids and Alkalies. 


Of all the substances, whose influence on the cerebral circulation we 
investigated, none produced results more unexpected than acids and 
alkalies. The intra-venous injection of free acid—sulphuric or nitric 
or lactic were the acids chiefly used by us—in small doses freely diluted 
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with °75°/, salt sol. and injected slowly, produced, in all our experiments 
on the subject, great and immediate expansion of the brain. The extent 
of the congestion resulting from the administration of 1 —2 minims of 
Acid. Sulph. or Acid. Nitric. sometimes approaches in intensity that 
produced by strychnia. In the case of the acid, however, there is no 
rise of pressure in the systemic arteries sufficient to cause the cerebral 
congestion by mechanical distension of the thin-walled arteries of the 
brain and which as already mentioned may account for the strychnia 
congestion. The congestion resulting from injection into a vein of a 
moderate dose of acid lasts for some considerable time, the curve rising 
at first rapidly and then more slowly until a maximum is reached some 
5—10 min. after the injection. From this point the tracing descends 
slowly and continuously but does not fall so low as the position at which 
the lever stood at the time of the injection. 

The effect of alkalies—of which we employed chiefly potassium 
hydrate—is diminution of the volume of the brain. This anzmia is 
the primary effect of the injection on the circulation of the brain. The — 
curve descends rapidly immediately after the injection, the lowest part 
of the tracing occurring some minutes afterwards and the succeeding 
re-expansion of the brain, which is more and more gradual, does not 
restore it to the volume it presented before the injection. 

These opposite effects of acids and alkalies on the cerebral circulation 
were constantly met with in all our experiments on this part of our 
subject. 

9.. Liquor Ammoniae. 

Intravenous injection of medicinal doses of Liq. Ammoniz produced, 
in the three instances in which we employed it, well-marked expansion 
of the brain. In one of these cases the congestion was preceded by a 
temporary contraction. 


10. Quinae Sulphas. 


The effect of sulphate of quinine on the cerebral circulation was 
not found by us so great as to lead to the impression that the cerebral 
effects of this drug, which can be so unpleasant in man, are to be 
ascribed to its effects on the cerebral circulation. Our tracings shew 
that it produced a well-marked temporary fall followed by a lasting 
slight expansion. ; 

11. Other substances. 

On the following our observations have been either isolated, or the 

results have been so little striking, that we are not prepared to lay any 
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great weight upon them. Alcohol, in moderate doses, caused expansion, 
but this congestion was not great in extent. Atropine Sulphate, in 
small doses, produced slight congestion. Hydrocyanic Acid in lethal 
- dose caused slight temporary contraction of the brain lasting a few 
minutes, This was followed by great expansion, which gradually passed 
over into the fall accompanying failure of the heart. Urea produced no 
marked effect. Tinctwre of Digitalis produced expansion of the brain 
resulting mainly, if not entirely, from the rise of pressure in the systemic 
arteries. 

We may here mention that we do not propose, in the present 
communication, to refer to the results of our observations on the form of 
the pulse wave of the brain. Nor do we desire to enter upon the 
question of the condition of the cerebral circulation during natural sleep. 


CONCLUSIONS. 


We now come to the question as to the interpretations which may, 
in our opinion, be legitimately drawn from the facts which have been 
stated on the preceding pages. 

What, first of all, is to be gathered from our observations (keeping 
in mind of course the results obtained by other workers), as to the 
relation which the cerebral circulation bears to that of the rest of the 
body? One of the most evident of the facts observed by us is that the 
blood- supply of the brain varies directly with the blood- 
pressure in the systemic arteries. 

The higher the arterial pressure, the greater is the amount of blood 
which passes through the cerebral blood-vessels and vice versd; and, so 
far as we have been able to learn, this law holds good for all changes in 
the arterial pressure whatever be their cause. The same may be said 
regarding the blood-supply of other organs of the body if their connec- 
tions with the vasomotor centres have been severed ; but it applies very 
much less to the kidney, for example, after complete section of the 
renal nerves, than it does in the case of the brain. The thinness and 
extensibility of the walls of the cerebral vessels fit them to undergo 
much greater variations in calibre as a result of a given rise or fall of 
the arterial pressure than can be produced in the case of the peter 
walled arteries of other organs and tissues. 

Our first idea, on finding the great influence on the volume of the 
brain of changes in the blood-pressure was, that this effect might be 
due mainly to changes in the calibre of the arteries and larger arterioles, 
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and that the flow of blood through the capillaries of the brain might 
not be influenced to a corresponding degree. As we have pointed out 
above, however, the character of our curves is opposed to this view. It 
may be mentioned also that Gartner and Wagner’, who measured the 
outflow from one of the intracranial veins, (the skull-cavity being un- 
opened), found that this varies with the arterial pressure. They found 
that, when the arterial blood-pressure falls below 30-40 mm. Hg., the 
outflow of blood from the cerebral veins ceases entirely. One main 
factor, then, which influences the cerebral circulation, is the arterial 
pressure. 

The. great importance, for the economy a as a whole, of a due supply 
of blood to the brain leads to a consideration of the question as to the 
manner in which the influences which modify the arterial pressure are 
affected by the requirements of the brain in the matter of blood-supply. 
It need hardly be said that the vasomotor nervous system, the cardiac 
nerves, the amount of blood in the body, and the intravenous pressure, 
are the prominent factors which are capable of influencing the arterial 
blood-pressure. The most fully recognized of these is the vasomotor 

mechanism. 

Let us consider for a moment epost is the relation of this to the 
cerebral circulation. 

The vaso-constrictor centres may cause rise of the arterial pressure 
asa result of nerve impulses reaching them from the periphery of the 
body by centripetal nerve-fibres, and also as a result of direct excita- 
tion of the centres themselves. Let us take the latter case first. 

Anemia of certain parts of the brain may serve as a good example 
of a natural mode of excitation of the vasomotor centres. Such anemia 
may be due to diminution of the arterial pressure, to local obstruction 
of the blood-vessels or to rise of the extra vascular pressure either 
locally, from e.g. tumour-growth, or affecting the whole of the intracranial 
cavity. In whatever way produced, anemia of the central nervous 
system excites the vaso-constrictor nerves with the result that owing to 
constriction of the vessels of the digestive, urinary and other systems, 
the arterial blood-pressure rises, causing an increased flow of blood 
through the cerebro-spinal blood vessels. ; 

The excitation of the vasomotor centres by anemia is evidently, 
then, protective, an increased supply of blood to the central nervous 
system being obtained by sacrificing the blood-supply of certain other 
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parts of the body whose functional activity can be temporarily dimin- 
ished or arrested without serious harm to the economy as a whole. 

In the excitation of the vasomotor centres by asphyxia the same 
protective interference with the blood-supply of certain organs is to 
be met with resulting in an increased flow of blood through the cerebral 
vessels. 

So far as we know, the same explanation holds good for all cases, 
in which, as a result of interference with the nutrition of the cerebro- 
spinal axis, excitation of the vaso-constrictor centres takes place. We 
conclude, then, that when the vaso-constrictor centres are 
excited directly in the normal animal, by interference with 
the nutrition of the brain and spinal cord, the rise of the 
aortic blood-pressure which resuits is advantageous to the 
economy in that it increases the blood-supply of the central 

If this view be a correct one, we would expect to find centres which 
have the power of constricting certain of the systemic vessels, in order 
to raise the arterial pressure, situated at those parts of the cerebro- 
spinal axis which are of greatest vital importance to the economy as a 
whole. It need hardly be said that the respiratory centre is of greater 
vital importance than any other, and this we presume is the reason why 
the chief vaso-constrictor centre is placed so very close to it. We 
would expect, however, that other parts of the central nervous *system 
which are of importance for the life of the individual would also have the 
power of calling into play the vaso-constrictor mechanism, when their 
nutrition is endangered. From this standpoint we may see some raison 
détre for the various vasomotor centres which have been described as 
existing in the corpus striatum and elsewhere in the brain and spinal 
cord. 

What can be said as to the relation between the requirements of the 
brain and the rise of arterial pressure which results from excitation of 
the vaso-constrictor centres by centripetal impulses? It need hardly 
be said that centripetal impulses, be they sensory or be they otherwise, 
would have no meaning were they not for the purpose of calling into 
activity those parts of the central nervous system for which they are 
destined. The connection between variations in the functional activity 
of any organ or tissue of the body and corresponding variations in the 
amount of blood which it requires is fully recognized by physiologists. 

We conclude then that the rise of arterial pressure, which 
may result from certain centripetal nerve-impulses, is of 
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benefit to the economy by increasing the blood-supply of 
the central nervous system which is called into increased 
functional activity by the impulses in question, as well as by 
aiding the congestion of the part of the body whence the impulses are 
derived. 

We now come to the much discussed question as to whether any 
centripetal nerves exist which are capable of influencing the blood- 
vessels of the brain directly, i.e. independently of changes in the general 
arterial or venous pressure. Our answer to this is, that we have 
diligently sought for such, and have found no evidence that vasomotor 
nerves for the brain are to be found outside the cerebro-spinal cavity. 
The positive results obtained by other workers on the cerebral circu- 
lation are derived from observations on the section and stimulation of 
one pair of nerves, viz. the vago-sympathetic of the dog or the cervical 
sympathetic of the rabbit or cat. These positive results, however, do 
not agree with one another. We ourselves also obtained results from 

section and stimulation of these nerves which were at first sight 
- contradictory. We found, however, that those results were due to 
nerve influences descending the vago-sympathetic, and that they 
affected the cerebral circulation indirectly only, ie. by the changes 
which they produced in the intra-venous pressure. 

We found that this fact explained satisfactorily the discrepancies in 
our own results. It is also fitted to explain why other observers obtained 
the contradictory results which we have had occasion to refer to. 

Under these circumstances we conclude that there is no 
reason for believing that vaso-motor nerves for the brain 
are to be found in the nerves of the neck, and that there- 
fore there is no evidence of their existence outside the 
cerebro-spinal canal. 

Are vasomotor nerves for the brain to be found in the medulla or in 
the spinal cord? We have found no evidence of the existence of such 
nerves. Direct stimulation of the medulla and cervical cord resulted 
only, in our observations on the subject, in passive arterial congestion. 

Is then the supply of blood to the brain influenced only by changes 
in the general arterial and venous pressures? Our observations on the 
effect. of various chemical substances on the cerebral circulation shew 
that the cerebral vessels can undergo active changes in calibre. An 
especially important instance of this is, we think, to be found in the 
influence on the volume of the brain of comparatively small doses of 
a free acid introduced into a vein. As we have pointed out, the 
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expansion of the cerebral vessels which is thereby produced, is not due 
to any passive distension of the cerebral arteries or veins resulting from 
increase of the arterial and venous pressures. In other words it must 
be looked upon as being the result of active expansion of the blood- 
vessels of the brain. This active congestion of the brain is too striking 
a characteristic of the cerebral circulation not to have forced itself 
strongly upon our attention,—the increase of the volume of the brain 
being great even when only small quantities of acid are injected. 

The possible bearing of this fact on the mechanism by which the 
cerebral circulation is normally regulated, was too obvious to be over- 
looked. We could not help remembering the observations of Langen- 
dorf' and Gescheidlen on the chemical reaction of the grey substance 
of the brain. The former observer found, as will perhaps be remembered, 
that the grey—as well as the white—substance of the brain is normally 
alkaline in reaction, but that, even a few minutes only after extirpation 
of a portion of the grey substance it becomes acid. He found, also, 
that cerebral anemia, produced by closure of the carotid and vertebral 
arteries, causes the cortex to give an acid reaction in a very short time, 
and that the acidity gradually disappears if the cerebral vessels be 
re-opened. These changes, therefore, in the reaction of the cortex 
must be looked upon as the result of vital, and not of cadaveric, 
chemical action. They are, there is reason for believing, due to the 
formation of (ethylidene) lactic acid. 

The remarkable characteristics of the anatomy of the cerebral 
lymphatics, forming as they do complete sheathes round the arterioles 
of the brain, whose muscular walls come in direct contact with the 
lymph, could not but appear to us specially interesting when we sought 
to interpret the facts to which we have just referred. In order to 
further elucidate this subject, we thought it advisable to make the fol- 
lowing experiment, the results of which are illustrated by Fig. 13, Pl. IV. 

The experiment, which was made on a dog (A), was arranged so 
that on the same drum simultaneous tracings were recorded of the 
arterial pressure in the femoral artery, of the venous pressure in the 
subclavian vein, and of the volume of the brain. As a part of the 
preparation for the experiment, an extract of a portion of the brain of 
another dog (B) had been made in the following way:—some four hours 
after the animal (B) had been bled to death (the head having in the 
mean time been kept in an incubator at a temperature of 37 C.), the 


1 Biolog. Centralblatt., 1886. 8. 188. 
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brain was removed, and one of the hemispheres rubbed up in a mortar 
with about 250 c.c. of warm, normal, neutral salt solution. 

The filtrate obtained from the emulsion thus prepared was used for 
injection into the vascular system of the animal (A). (The filtered 
fluid it may be mentioned gave a faint reddish tinge to blue litmus 
paper.) The injection was made slowly through a cannula tied in the 
submaxillary artery, the fluid being thus introduced into the common 
carotid. | 

Figure 13 shews the effect on the cerebral circulation of an injection 
of 3 c.c. of a brain-extract prepared in the manner above described. As 
can be seen in that figure the brain expanded immediately after the 
injection so greatly that the point of the oncograph lever was rapidly 
carried off the drum, there being no corresponding rise of either the 
arterial or venous blood-pressures. It is evident, then, that ia a brain 
whose blood-supply -has been arrested for some little time, there is a 
substance or there are substances which, when introduced into the circu- 
lation, are capable of causing active expansion of the cerebral vessels. | 

It is, we think, reasonable to suppose, in view of the facts above 
stated, that the cerebral congestion in this experiment is due to the 
action on the cerebral blood-vessels of the dog (A), of the products 
of cerebral metabolism, which had accumulated in the brain of the dog 
(B) from which the extract had been prepared. These facts seem to 
us to indicate the existence of an automatic mechanism by which the 
blood-supply of any part of the cerebral tissue is varied in accordance 
with the activity of the chemical changes which underlie the functional 
action of that part. Bearing in mind that strong evidence exists of 
localisation of function in the brain, we are of opinion that an auto- 
matic mechanism, of the kind just referred to, is well fitted to provide 
for a local variation of the blood-supply in accordance with local 
variations of the functional activity. 

We conclude then, that the chemical products of cerebral 
metabolism contained in the lymph which bathes the walls 
of the arterioles of the brain can cause variations of the 
calibre of the cerebral vessels: that in this re-action the 
brain possesses an intrinsic mechanism by which its vascular 
supply can be varied locally in correspondence with local 
variations of functional activity. 

The probability, that the active congestion of the brain during 
asphyxia (to which reference has been made on pages 91 and 92), is 
due to this intrinsic mechanism, is, we think, an obvious one. 
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There are, then, two more or less distinct mechanisms for controlling 
the cerebral circulation, viz.—firstly, an intrinsic one by which the blood- 
supply of various parts of the brain can be varied locally in accordance 
with local requirements, and secondly, an extrinsic, viz—the vasomotor 
nervous system, whose action affects the amount of blood passing 
through the brain in virtue of the dependence of the latter circulation 
on the general arterial blood-pressure. Presumably, when the activity — 
of the brain is not great, its blood-supply is regulated mainly by the 
intrinsic mechanism and without notable interference with the blood- 
_ supply of other organs and tissues. When, on the other hand, the 
cerebral activity is great, or when the circulation of the brain is 
interfered with, the vasomotor nerves are called into action, the supply 
_ of blood to other organs of the body being thereby trenched upon. 

There is, however, a third mechanism by which the cerebral circula- 
tion can be influenced and the importance of which, we are inclined to 
think, must be considerable. We refer to the effect on the cerebral 
vessels of changes of the general venous pressure which, as we have 
mentioned, may be greater in extent than is usually supposed. The 
volume of the brain varies with the pressure in the large veins, and it is 
impossible to overlook the fact that such changes in the pressure of 
the blood within the cerebral venous ‘capillaries, which have extremely 
thin walls, must be of importance for the nutritive transudation 
taking place through those walls. As above stated, there are descending — 
fibres in the vago-sympathetics which are capable of causing great 
changes in the pressure within the large intra-thoracic systemic veins. 

In conclusion, let us refer to one or two points, connected with our 
subject, which are of interest to the pathologist. 

The fact that, in all cases where the systemic blood-pressure is high, 
we have increased blood-supply to the brain, will explain why cerebral 
hemorrhage is so frequently associated with conditions in which the 
aortic blood-pressure is raised. 

The frequency of cerebral hemorrhage and cerebral cedema in 
Bright’s disease and in other affections of the renal system, where 
the blood-pressure is higher than normal, are examples of this 
relationship. 

In cases of cerebral hemorrhage, the physician, when called in after 
the seizure, very frequently finds the patient with a congested face and 
neck, with distended veins, and with a hard and slow pulse. The high 
arterial pressure and venous congestion of the brain, which are indicated 
by these signs, used to be looked upon as fitted to increase the escape 
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of blood from the ruptured vessel, and it may be that they do have 
that effect. There is no doubt, however, that they are due to the 
interference with the nutrition of certain vital parts of the brain, from 
the pressure of the effused blood; in other words that they are 
protective in the sense to which we have drawn attention above. If 
we seek to lower the arterial and venous pressures, by venesection or 
strong purgatives, we may certainly thereby diminish or stop the 
hemorrhage, if it be still going on, but by so doing we run the risk of 
losing the patient’s life by interference with a protective mechanism, 
on the efficient action of which the life of the patient possibly depends. 
The same applies to any attempt to diminish the inflow of blood to 
the brain by compression of one or both carotids, There is, we think, 
small cause for surprise in the fact that venesection was found to 
increase the mortality after cerebral hemorrhage. It certainly seems a 
pity that the vital parts of the brain cannot protect themselves against 


the inanition to which they are exposed by the pressure of the effused — 


blood, without, at the same time, _— the pressure within the 
ruptured vessel. 

The punctiform, and occasionally Line hemorrhages in the neigh- 
bourhood of foci of anemic softening of the brain, are presumably due 
to the congestion which results from the action of the intrinsic vaso- 
motor mechanism by which the cerebral blood-supply is regulated, and 
which, as above mentioned, is brought into play by anemia. . 

The depressing effect of free alkalies as employed in medicine may, 
we think, possibly be explained by the anzmia of the brain which these 
substances produce. 


Finally, a word may be said regarding the relation between the | 


cerebral blood-supply aud the rhythmic variations of the activity of the 
respiratory centre which produce the “Cheyne-Stokes” breathing. 
Curve 14, Pl. IV., which we copy from Gad’, shews simultaneous 
tracings of the arterial pressure and of the respiratory movements. It 
was obtained from a rabbit, from which a certain amount of blood had 
been abstracted. As is mentioned by Gad, the Cheyne-Stokes breath- 
ing frequently occurs in rabbits which have been rendered anemic by 
venesection. It may, we imagine, be safely assumed that, in cases where 
the blood-supply of the respiratory centre has fallen below that required 
to adequately meet its wants, its functional activity will necessarily 
vary with variations in the tide of blood circulating through it. In 


1 Gad. ‘Ueber Haemorrhagische Dyspnoé. Du Bois’ Archiv. 1886. 543.,. 
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Curve 14, it can be seen that the blood-pressure shews that rhythmic 
_ rise and fall which constitute what are generally referred to as “Traube- 
Hering” waves. 

It can be seen that, with each successive rise of the arterial pressure, 
the extent of the respiratory movements increases—diminishing on the 
other hand with each descent. As is mentioned by Gad, the characters 
of the respiratory tracing in this curve indicate that there is a rhythmic 
variation of the excitability of the respiratory centre and not a rhythmic 
variation of the excitation of that centre, which latter was held by 
Filchne to be the cause of the “Cheyne-Stokes” breathing. The 
cause of the rhythmic increase and decrease in extent of the respirations 
may- reasonably, we imagine, be explained as due to the rhythmic 
variations of the blood-supply of the respiratory-centre which necessarily 
result from the “Traube-Hering” blood-pressure waves. 

Traube-Hering curves of the arterial pressure are of common enough 
occurrence in man, as well as in certain of the lower animals. It is ~ 
probable, we think, that the rhythmic variations in the acuity of 
auditory and visual perception, of which many of us have had personal 
experience, are due to Traube-Hering undulations of the arterial 
pressure—with the wave-length of which they very well agree. © 


October, 1889. 
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OBSERVATIONS ON THE COMPOSITION AND FLOW 
OF CHYLE FROM THE THORACIC DUCT IN MAN. 
By D. NOEL PATON, MD., F.R.C.P.E., Lecturer on Physio- 
logy, Edinburgh School of Medicine, Surgeons’ Hall. 


Physiological Laboratory, Surgeons’ Hall. 


So far only three systematic analyses of human chyle have been 
recorded. 

_ In 1842 Rees published’ an account of the aac of the chyle 
taken from an individual after execution. 

The thoracic duct was opened one anda half hours after death and 
about six ounces of chyle were collected from it by gently kneading 
the abdomen. The subject had taken two ounces of bread and four 
ounces of meat on the previous evening and a small piece of toast 
about an hour before death. 

In his “ Physiologische Chemie,” 1877, pp. 596, 597, Hoppe Seyler 
gives the results of the analysis of the chylous contents of a pleuritic 
effusion apparently caused by a rupture of the thoracic duct. 

Hasebroek® describes the composition of a pericardiac etfusion 
obtained after death which presented all the characters of chyle. 

It is impossible to say how far the composition of any fluid taken 
from one of the serous cavities may be modified by the absorption of 
certain of its constituents. 

The following table gives the results of these observations— 


1 Philos. Trans. 1842. 
* Ztsch. f. die physiol. Chemie Bd, x11., p. 285. 1888. 
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Rees |Hoppe Seyler| Hasebroek 
Water | 940-724 892°782 
Solids 95-2 59-276 102°612 
ic 90°8 52-122 93-276 
Proteids 70°8 36665 73-789 
Fats 7226 
Cholesterin 9-9 1-321 3°340 
Lecithin 0°829 1771 
Soaps 2°353 
Alcoholic Extract 5-2 2-048 
Water Extract 5°6 2°555 
Inorganic 4°4 9:336 
Soluble 6°804 
Insoluble | 0°350 


In the present instance the chyle was obtained directly from the 
thoracic duct, a fistula having resulted from an operation upon the root 
of the neck. 

L. S. aged 62, was admitted to Mr John Duncan’s Wards in the 
Royal Infirmary of Edinburgh, with a large sarcoma in the posterior 
triangle of the neck. He was operated upon on August 5, The tumour 
was situated below the sterno-mastoid and ran beneath the clavicle, 
involving the carotid sheath. ‘During the operation the internal jugular 
and subclavian veins and the termination of the thoracic duct were 
clamped with forceps. The patient did well, but on the forceps being 
removed ten days after a large flow of milky fluid occurred from the 
wound in the neck, and this continued up to the time of death. ; 

I am indebted to Dr Hodsdon who had charge of the patient 
during the autumn for the opportunity of making the following obser- 
vations. 

I first saw the case on my return to town in September, only a few 
days before the fatal termination. 

At this time there was a constant stream of milky fluid from a 
granulating wound above the left clavicle. 


Rate of Flow. 


It was found impossible to collect the fluid by the insertion of a 
drainage tube as any attempt to probe the wound at once produced 
hemorrhage. 
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An attempt was made to estimate the rate of flow by the application 
of large sponge dressings, but these failed to catch all the fluid. 

A caoutchouc bag carefully rendered aseptic was next applied in 
various ways, but on account of the position of the wound it was found 
impossible to prevent a very considerable loss of fluid. 

After several days had been spent in these unsuccessful attempts, 
during which the patient became markedly weaker, the rate of flow 
was estimated by allowing the fluid to trickle into a small c.cm. measure 
and observing the amount discharged during short periods of from 3 to ~ 
8 minutes. It was impossible to make observations of longer duration 
as the patient became querulous and complained of faintness. 

_ By this time the flow had greatly diminished, being only about one 
third as great as formerly. 

He died suddenly on the morning of the 11th Sept. A post-mortem 
examination was not allowed. 


Rate of Flow. 
Amount of fluid | Duration of obser- — 
Sept. 9 | 11.25 a.m. 8 8 
» 3 3 
8 
10 | 12.45 p.m. 42 


Average 1 c.cm. in 1 min. or 1584 ¢c.cm. in 24 hours, 


While the patient was in a more normal condition, the flow was at 
least twice, almost certainly three times, as great as this. Consequently 
it must have been between 3168 and 4752 c.cm. in 24 hours. The 
patient was too weak to be weighed, but his weight was about 60 kilos. 
Thus the flow must have been between 5°28 and 7:92 kilos pe 100 kilos 
of body weight. 

Schmidt calculated that in the foal, the flow of lymph amounted 
to 6:13 kilos per 100 kilos of body weight. 


Analysis of Fluid. 


Four specimens were procured for analysis. 
No. I. was procured on the 5th by squeezing the sponge heals 
_ which had been on all night. 
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No. II. was procured in a similar manner on the 8th from the sponge 
which had been on the wound during the day. 

No. III. was from the sponge dressing during the night of the 8th. 

No, IV. was collected in a c.cm. measure directly from the wound on 
the 9th. 

The chyle invariably coagulated rapidly, and the analysis of 1. IT. 
and III. is of chyle minus the fibrin which was left in the sponge. 
Specimen IV. was analysed entire. 

The method of analysis in I. and II. was the following: 

About 10 grms. were placed in a weighed vessel and weighed. It 
was then slowly dried over a water bath and in a hot air chamber at 
100° C. till no further loss of weight occurred. This gave the total solids. 
These were then strongly heated and the ash determined in the usual 
manner, 

Another portion—about 5 c.cm.—-was diluted sith water to about 
20 c.cm., acetic acid was added, and it was then boiled for several 
minutes till a flocculent precipitate of the proteids, carrying with them 
much of the fats, had separated out. This was thrown on a dried 
weighed filter paper and the absence of albumin from the filtrate was 
determined by testing with acetic acid and ferrocyanide of potassium, 
_ In no case was there any precipitate, but in all three the xanthoproteic 
reaction was present. The precipitate was washed with hot water, with 
alcohol, and many times with ether to remove all the fats, and again 
with alcohol, dried and weighed. This gave the proteids—serum albu- 
min and serum globulin. 

A third portion was slowly evaporated to dryness, and the fats, 
cholesterin and lecithin extracted from the residue by Soxhlet’s 
apparatus. The cholesterin and lecithin were determined after the 
method described by Hoppe Seyler’. 

In No. III. the etherial extract and proteids were determined by 
Hoppe Seyler’s method as a check on the methods described above’. 

Of No. IV. only about 8 c.cm. were obtained, and the total solids, 
organic and inorganic, alone were determined. 

The diet on the 4th consisted of Milk 40 0z, Beef Tea 27 oz, 
Brandy 2 oz., one Egg and a small piece of Chicken. This diet contained 


approsimatel Proteids 20 grms. 


Fats 50 grms. 


1 Chemische Analyse, p. 425, 
Jbid., p. 423, 
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On the 8th and 9th the diet was composed of Milk 70 oz., Beef Tea 
40 oz., Brandy 4 oz., and 2 Eggs. Approximately the patient took each 
day 
Proteids 45 grms. 
Fats 85 grms. 


supposing beef tea to contain ‘8 °/, Fat and ‘3°/, Proteids. 


Composition of Chyle in Parts per thousand. 


II AY 
Sept, 4, 5, Sept. 8, | Sept. 8, 9. | Sept. 9. 


Water 943°3 953°4 958°1 


Solids 46°6 41:9 
Inorganic 6-72 6°5 6°25 
Organic 49-98 40°1 35°65 

Proteids 12-2 13°7 
Fats _| Ether extract |. 24:06 
Cholesterin lost 0°6 27:1 
* Lecithin | 0:36 


* The Lecithin is calculated from the magnesium phosphate as directed by Hoppe 
Seyler (p. 426) by multiplying by 7'2748. As the magnesium phosphate weighed only 
0°0015 grms. the possible error is considerable. 3 


The chief points of interest in this table are 

First, the small percentage of solids and their steady decrease during 
the course of the observation. 

Second, the tolerable uniformity in the amount of the inorganic 
substances. 

Third, the very small amount of proteids—only one-third of that 
found in Hoppe Seyler’s case, and one-sixth of that in Rees’s 
and Hasebroek’s. 

This is of interest when taken in connection with Senator’s ex- 
periments on the influence of blood pressure on the composition of 
exudations’, During the present observations the patient's blood pres- 
sure was very low. 

Fourth, the correspondingly small amount of cholesterin is of interest 
as indicating that this substance has a source common with the proteids. 


1 Vigthow’s Arch., Bd. p. 219. 
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The close correspondence in this respect of the present case with 
those previously recorded is shown in the following table. 


Relationship of Cholesterin to Proteids. 
Hoppe Seyler 
Hasebroek 1 ; 
Noél Paton 1 ; 22 


Although Hasebroek attempts to establish a relationship between 
the cholesterin and lecithin and the fats, no such relationship can be 
determined. 

Lecithin Cholesterin Fat 


Noél Paton : 66-0 


The relationship of lecithin, cholesterin and proteids in these three 
cases is as follows, 


Letithin . Provide 


Hoppe Seyler 
Hasebroek 


Fifth, the large proportion of fats is probably to be accounted for by 
the comparative richness of the diet in these constituents. 
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A METHOD OF RAISING THE SPECIFIC GRAVITY OF 
THE BLOOD. By WILLIAM HUNTER, MD., FRSE, 
John Incas Walker Student of the University of Cambridge ; 
Arris and Gale Lecturer. 


(From the Cambridge Pathological Laboratory.) 


In a paper on the subject of intra-peritoneal transfusion of blood, 
published now some years since’, I had occasion to note certain points 
which had been overlooked by previous observers, and from want of 
attention to which the accuracy of their conclusions was materially 
vitiated. Former observers had gauged the extent of absorption 
in such cases by the results obtained on examination of the blood 
either by enumeration of its corpuscles or by determination of its 
richness in haemoglobin. Thus according to Bizzozero and Golgi* 
an increase in the number of corpuscles was recognisable even so early 
as 20 minutes after the injection; as early as one hour, according to 
~ Obalinski’; and to the extent of 4 to 24 million per cubic millimetre 
of blood in the course of 5 hours, according to Maas‘. 

The results of my own experiments agreed so far with these. They 
showed an increase in the number of corpuscles per cubic millimetre of 
blood after the transfusion, varying from 9°/, in the course of one hour 
to 34°/, in the course of six hours. In one instance the increase was 
even more striking, namely 40°/, in the course of three hours. 

They differed however as to the explanation to be given of these 
changes in the blood. I showed that this enormous rise in the number 
of corpuscles was more apparent than real, and was due not so much to 
an absorption of corpuscles from the peritoneal cavity as to an 
increase in the density of the circulating blood resulting from the 
operation. | 


Jl. Anat. and Physiol. xx1. 1887. 
2 Centralbl. f. d. med. Wiss. 1879, p. 917. 


4 « Ueber intraperitoneale Transfusion bei Thieren.” Kénigsberg, 1881. __ 
8—2 
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In what way this increased density was brought about I also 
endeavoured to explain. The quantities of blood injected were in most 
cases very large, varying from 30°/, to 90°/, of the quantity of blood 
already in the body. 

As the result of the injection of so much blood there was always at 
first a considerable amount of irritation, evidenced sometimes by 
uneasiness on the part of the animal and always by certain changes 
both in the circulating and in the injected blood. The chief change 
to be observed in the extravasated blood, if examined a few hours later, 
was the great number of cells, apparently of leucocyte nature, to be 
found both in the blood that remained fluid, and, still more, around. 
the blood clots that had formed. There was also a change in the 
circulating blood at this time which apparently was in direct relation 
to the foregoing, namely that, at the time when there was apparently an 
enormous increase in the number of red corpuscles, there was not only — 
no corresponding increase in the number of the white corpuscles, but 
an equally marked diminution. I therefore concluded that both the 
symptoms—abdominal uneasiness accompanied when marked by a 
condition closely resembling shock, and the changes in the blood— 
‘pointed to an effusion of serum from the vessels of the peritoneal 
serous surfaces as a result of the irritation set up by the injected blood. 
The effusion which thus occurred naturally led to a concentration of 
the circulating blood, and would thus, apart altogether from any absorp- 
tion of corpuscles, cause an apparent rise in the number of corpuscles 
per cubic millimetre of blood remaining. 

As further supporting the accuracy of this explanation, I found 
that the extent of the increase did not depend on the quantity of blood 
injected, as should have been the case had the increase been due to ab- 
sorption from the peritoneal cavity. On the contrary it was frequently 
marked when small quantities were injected, and but slight when large 
quantities were injected. Further it was usually much more marked 
_ after the injection of pure blood in which, as after-examination showed, 
coagulation usually took place, than after the injection of defibrinated © 
blood where no coagulation occurred. 

Lastly when along with the blood I injected a solution of a salt— 
sodium phosphate—of higher specific gravity than that of the blood 
serum, I obtained an enormous increase in the number of corpuscles, 
amounting in one instance to 40°/, in three hours. 

The result of the injection of such a solution (5°/, sodium phosphate 
of sp.gr. 1,032) was to cause a greatly increased outflow from the peri- 
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toneal vessels, and a correspondingly great concentration of the 
circulating blood. At such times I always found great difficulty in 
obtaining sufficient blood, the vesséls of the ears being contracted, and 
the blood within them almost in a condition of stagnation. 

To ascribe such a rise, as Maas and all other observers had done, to 
an absorption of red corpuscles would have meant, that by the end of 
three hours almost all the corpuscles of the injected blood had been 
absorbed into the circulation, and that too without any accom- 
panying serum—a result manifestly impossible. 

If the initial rise were thus, as it seemed, mainly an unreal one—that 
it was not altogether so I adduced evidence for believing—it would in 
time be followed by a fall when the former dilution of the blood was 
again restored by the absorption of the effused serum. And this was 
precisely the usual course of events. Thus a rise of 34°/, in the course 
of six hours was followed by a fall to 6°/, at the end of 24 hours; and 
similarly the rise of 40°/, in three hours was followed by a fall to 6°/, 
in the same time. 

It was not therefore, till the initial rise and fall had both passed 
off—a time varying from a few hours to 24 hours or even more—that 
one could form any proper estimate as to the actual absorption of 
corpuscles that had taken place. There was usually then a steady rise 
in the number of corpuscles till a maximum was reached; and then day 
by day there was a more or less steady fall till the normal number © 
of corpuscles was again restored. The time usually taken for the 
corpuscles to be removed was from two to three weeks, varying slightly 
in different instances. 

This period of two to three weeks represented therefore approximately 
the time the injected corpuscles remained within the circulation of 
their host, 

The course of events following on injection of. blood into the 
peritoneal cavity as thus traced by enumeration of the corpuscles 
pointed—first, to an increased density of the blood, sudden and rapid in 
its nature, followed by an equally sudden return to the normal con- 
dition in the course of a few hours, both variations being due to changes 
of a temporary character within the abdominal cavity; and secondly, 
_ to an increase more gradual and more permanent in its nature, brought 
about by more permanent changes—the presence re of a large 
excess of — within the blood. ? 


There was one obvious way of determining whether these variations 
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in density of the blood did really occur, namely to ascertain the specific 
gravity of the blood at these various times. At the time my experi- 
ments were made, there was no convenient method for doing this. 
Such a method we now possess in the simple and admirable one 
devised by Roy. 

- I deemed the subject of my former observations of sufficient 
interest to induce me recently to repeat the experiment, tracing the 
course of absorption by determining the specific gravity of the blood 
from time to time, instead of by enumeration. 

The result was in some respects so striking a confirmation of the 
accuracy of the explanation then given, that I am induced to record it, 
not only as forming a contribution to the subject of absorption of blood 
from the peritoneal cavity, but also, and still more, as suggesting a 
convenient and ready method of raising the specific — of the blood 
over very considerable periods of time. 

The oe is the experiment to which I have reeerod: , 


Injaction of Defibrinated Blood into the Peritoneal Cavity of 
a Rabbit. 


Weight of animal 2,200 grammes. 
Specific gravity of blood before the operation 1,055. 
Number of corpuscles per c.mm. 6,820,000. 

Day of 

expt. 

1. 11.30 am. 50 cc. defibrinated rabbit’s blood, injected into the 
peritoneal cavity through a large hypodermic needle, made 
somewhat blunt-pointed to avoid injury to the intestines. 
Animal etherised. | 

11.35 a.m. Animal already moving about freely as if unaffected. 
Vessels of ears fully dilated. 
Animal lying out flat. ars still flushed. 
Spec. grav. of blood 1,057. Ears flushed. 
. Spec. grav. of blood 1,057. Ears flushed. 
Spec. grav. of blood 1,067. Vessels of ear a | 
ears pale and cold. 
Spec. grav. 1,061. Vessels again dilated. 
Vessels still dilated. 
Spec. grav. of blood 1,057. Vessels still dilated. 
Spec. grav. 1,067. Animal apparently well; vessel of ear 
contracted and some difficulty in obtaining blood. 
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1 p.m. Spec. grav. 1,065. Ears flushed; blood readily got, but 
. flows more slowly and is visibly thicker than before. Can- 
not be drawn up into very narrow pipette. 
3 = ,,_~—- Spee. grav. 1,065. No. of red corpuscles 7,910,000 per 
c.mm. Animal eating and moving about freely. 


3. Spec. grav. 1,065. Animal about this time was perfectly 
well and continued so throughout the remainder of the 
experiment, 

4. Spec. grav. 1,063. 

5. Spec. grav. 1,062 

Spee. grav. 1,060. 

11. Spec. grav. 1,063. 
‘13. Spec. grav. 1,059. Weight 2,250 grammes. 
16. ‘Spec. grav. 1,056. Weight 2,350 __,, 

— 20. Spec. grav. 1,055, Observations stopped. 


The last observation was made on the 22nd of June. The animal througb- 
out, with the exception of the first few hours, seemed absolutely unaffected 
by the operation. _ 


Five months Lakes (N L. 25th), I made another observation. Not- 
withstanding that the animal meanwhile had gained much in weight 
(2750 grammes), and its condition generally had greatly improved, the 
specific gravity of the blood was found precisely the same as at the time 
of the last observation, namely 1,055. 7 

An increase of 4 kilogramme 1 in body weight thus failed to raise the 
specific gravity of the blood in any material way. Nevertheless this 
was readily effected by injecting a large quantity of ‘blood into the 
peritoneal cavity. 

The course of events was precisely similar to that I had already | 
described. For a few hours following on the operation there was a 
marked rise in the specific gravity of the blood from 1,055 to 1,067, 
the animal at this time, as evidenced by the great coldness of the ears 
and the contracted state of their vessels, being in a condition somewhat 
resembling a slight degree of shock. In the present instance the 
condition only lasted a few hours. At 2 P.M. it was in full force, specific 
gravity at this time being 1,067; 2 hours later it was gradually passing 
off, the specific gravity at this time being 1,061; and 1 hour later it 
had completely passed off, the specific gravity of blood being 1,057, or 
only two degrees higher than at the beginning. On the following 
day the permanent rise had manifested itself, and falling gradually 
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day by day it continued to manifest itself for a period of nearly 
3 weeks, at the end of which time the specific gravity had again 


reached the normal. 


The coincidence in the two series of observations, not only in the 
course of events, but also in the time taken for the restoration of the 
blood to the normal, is not a little remarkable. In both instances the 
time taken varied from 2—3 weeks, this being the average I had 
already obtained in my observations with defibrinated blood. I think 
one is justified in speaking of it not merely as a coincidence, but as a 
result expressing in both cases the time taken for the complete removal 
of the absorbed corpuscles from the circulation. 

_ Apart from their bearing on the fate of corpuscles after transfusion, 
the results point to peritoneal transfusion of blood as an effective 
method, if indeed it be not the only method hitherto found, for raising — 
the specific gravity of the blood. I have already indicated another way 
in which this may also be done, although only for short periods, namely. 
by the injection of a solution of sodium phosphate or other neutral salt 
into the peritoneal cavity. The variations in the specific gravity in this 


way produced are usually much greater than when blood is injected, 
especially if the specific gravity of the solution used be higher than that 


of blood-serum; they are not however of the relatively permanent 
character found after transfusion of blood. 

The latter tiethod will suffice in all cases to bring about a rise in the 
specific gravity of the blood, corresponding in degree to the number of 


red corpuscles absorbed, and lasting as long as any of the corpuscles 
absorbed remain within the circulation. 
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ADDENDUM TO NOTE ON TRACTS DEGENERAT- 
ING SECONDARILY TO LESIONS OF THE CORTEX 
CEREBRI. By S. SHERRINGTON, MA, MB. 


IN a note on tracts degenerating after lesions of the cortex cerebri, 
in the last number but one of this Journal’, were mentioned degenera- 
tions occurring in both lateral columns of the spinal cord as a result of 
injuries to the cord-area of the cortex of one hemisphere only. A 
diagram was given showing roughly the arrangement of branch tracts 
springing from the main pyramidal tract, which arrangement appeared 
to best explain the bilateral degenerations observed. The branch 
tracts were spoken of as “recrossed tracts,” in order to avoid periphrasis, 
as in @ previous communication’, and the term was meant to infer that 
they had crossed the median line again into the half of the cord of the 
same side as the cerebral lesion. The diagram was intended to repre- 
sent the pyramidal tracts in the monkey, the animal used in the 
particular experiments referred to at the time. 

No branch pyramidal tract was indicated passing from the main 
tract across the median line in the region of the pons and medulla 
oblongata. I had not at that time obtained in the monkey any 
evidence of the existence of a bilateral degeneration in the pyramidal 
tracts at the base of the brain; although I had seen instances of it in 
a slight degree in the dog* and once in slight degree in man‘. Since 
the above note was written, I have, however, obtained the bilateral 
degeneration at the base of the brain in monkeys, The injuries that 
occasioned it are small and superficial and situated at the lower end 
of the Rolandic fissure. The number of fibres degenerating on the two 


1 Vol. x. p. 429, 

? This Journal, Vol. v1. p. 177. 

8 This Journal, loc. cit. 

* Hadden and Sherrington. nan Vol. vitt. Jan. 1886, 
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sides are much more nearly equal than in any bilateral degeneration 
which I have found in the cord. The diagram in Vol. X., p. 430, I 
would therefore amplify by a branch from the pyramidal tract crossing 
the median line at the base of the brain and descending parallel to the 
median line in the pyramid of the side opposite to the cerebral lesion. 

The spot in which injury to the cortex has in my experiments, so 
far as they have gone at present, yielded the most markedly bilateral — 
degeneration in the cord is situated just mesial to the sulcus “a” 
(Schafer), a sulcus that Horsley, conclusively, as I think, shows to be 
identical with the superior frontal of the human brain. 

As the name “recrossed” cannot be given to the branch tract from 
the main: pyramidal crossing the median line at the base of the brain, 
that name seems on the whole unsuitable for use. | 
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ON THE PHYSIOLOGY OF THE SALIVARY SECRE- 
TION. By J. N. LANGLEY, FE.RS., Fellow and Lecturer 


of Trinity College, Cambridge. 


Part VI. Chiefly upon the connections of peripheral nerve 
cells with the nerve fibres which run to the sub-lingual and 
sub-maxillary glands. 


_. Histological observations. It is well known that a certain number 
of the nerve fibres of the chorda tympani run past the group of nerve 
cells called the sub-maxillary ganglion, but it is usually assumed that a 
greater or less number of the chorda tympani fibres are connected in 
some way not definitely ascertained with the nerve cells of this ganglion. 
It seemed to me worth while to attempt to obtain more accurate 
information with regard to the connection of the chorda tympani with 
nerve cells by making a series of sections of the nerve in its course 
from the lingual to the sub-maxillary gland. I will describe first the 
appearances presented in the dog. The preliminary preparation was as 
follows: the chordo-lingual nerve was cut, the triangular piece of tissue 
between the lingual, the chorda, and Wharton’s duct was dissected 
away from the underlying lobes of the sub-lingual gland; the ducts 
with their surrounding tissue separated up to the hilus of sub-maxillary 
gland, followed into this and cut out with the surrounding tissue at the 
point where Wharton’s duct divides into a number of lobular ducts. 
The whole was hardened in osmic acid and serial sections made; in 
addition serial sections were made of the facial artery, just above the 
point where it gives off the sub-maxillary artery, and as the sub- 
maxillary artery itself. 

Since I shall have occasion frequently to refer to the triangle of 
tissue between the lingual nerve, the chorda tympani and the sub- 
maxillary duct, it will be convenient to have some short designation for 
it. I shall call it the chordo-lingual triangle. 

The following account is gathered from an examination of the 
specimens. The chorda tympani consists of four or five small bundles 
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of medullated nerves, the medullated nerves being as described by 
Heidenhain' and by Gaskell® chiefly small, 2°5 to but some 
medium sized ones being also present. 

Besides these several other smaller bundles of fine medullated fibres 
are given off by the lingual in its course between the point where it 
gives off the chorda tympani proper, and where it crosses the duct of 
the sub-maxillary gland. These bundles are given off on both sides of 
the lingual nerve; after a very short course, nerve cells occur within 
the sheath of the nerve bundles; the nerve cells are scattered amongst, 
though often collected chiefly on one side of, the medullated nerve 
- fibres; on the distal side of the nerve cells non-medullated fibres are 
found, and the medullated fibres are reduced in number. Those bundles 
of nerve fibres which contain non-medullated nerves soon divide, and 
anastomose with other similar divided bundles ; thus a plexus is formed. 
On the further course of the plexus nerve cells are still found, often but 
not necessarily at the nodal points of the plexus, and the presence of 
nerve cells is accompanied by a further decrease in the number of 
medullated and an increase in the number of non-medullated fibres. 
The plexus overlies a considerable part of the sub-lingual gland and 
from it at intervals, small bundles consisting chiefly of non-medullated 
fibres, are given off which run with the lobular ducts to the lobules of 
_ the underlying portion of the sub-lingual gland. , 

In the angle between the chorda tympani proper and the lingual 
nerve, there is a rather large group of nerve cells in the course of the 
medullated nerves which are. given off immediately after the chorda 
tympani. This is what is called the sub-maxillary ganglion. It is only 
one of a number of groups of nerve cells which occur on the fibres 
which go to form the plexus spoken of above. 

A considerable part of the plexus which results from the bundles 
given off by the posterior border of the lingual runs backwards and 
mesially until it lies over the sub-lingual duct. In this position the 
great majority of the fibres are non-medullated. 

The bundles of the chorda tympani which also have been running 
backwards and mesially, when they reach the level of the sub-lingual 
duct lie in a row over the plexus. Thus in a section taken through 
this region, there is just beneath the superficial connective tissue, the 
row of four to five medullated bundles, beneath these a row of the 


1 Heidenhain, Arch. f. Anat. u. Physiol. (Suppl.), 1883, p. 158. 
2 Gaskell, this Journal, 1886, p. 29. 
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bundles of the plexus consisting of non-medullated fibres with a few 
scattered medullated ones, and beneath this the sub-lingual duct with a 
few, mainly non-medullated, fibres, and a portion of the sub-lingual 
gland. Mesially of the sub-lingual duct is the sub-maxillary duct, the 
nerve fibres near it being few and confined to its mesial border in the 
neighbourhood of a small artery, the nerve fibres consist of three or 
four bundles of non-medullated fibres, arising I think mainly from the 
_ sympathetic, and one bundle of medullated fibres, the origin of which I 
have not traced. 

At about the point where the bundles of the chorda tympani cross 
the sub-lingual duct, nerve cells occur in one or two of the bundles, the 
issuing fibres are in part non-medullated. These bundles, with the 
exception of a few strands, join the plexus above mentioned, and this in 
its further course forms a meshwork around the sub-lingual duct, more 
nerve cells occurring at intervals on the medullated — until very 
few medullated fibres are left. 

A few strands instead of joining the sub-lingual plexus rt run to the 
sub-maxillary duct, and these are apparently joined by some strands 
from the sub-lingual plexus; the two sooner or later form a wnery 
plexus around the sub-maxillary duct. 

A short distance inside the hilus of the gland, the sub-lingual duet 
diverges from the sub-maxillary, carrying with it the plexus of nerves 
which surrounds it. Thus the sub-maxillary duct is left with two or 
three bundles of medullated nerves, free from non-medullated, running 
parallel with it, and of a comparatively scanty 20500 chiefly of non- 
medullated fibres, surrounding it. 

Very soon after the sub-maxillary duct has run foal from the sub- 
lingual, nerve cells are found upon the medullated bundles which 
accompany it. The nerve cells are in great number and form a ganglion 
very much larger than the so-called sub-maxillary ganglion, From the 
distal end of this issue bundles which contain comparatively few medul- 
lated fibres, they form a plexus round the branches of the duct, and 
accompany them into the lobes. The further course of these in the 
lobules I have not followed in serial sections, but it is well known that 
nerve cells occur here and there in the course of the nerve fibres round 
the lobular ducts, and since no medullated fibres, so far as is known, run 
to the alveoli of the gland, these nerve cells probably mark the spot 
where the remaining motor medullated nerves end, and | more non- 
medullated nerves issue. | 
These histological observations give grounds for onsbads ng 
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That the chorda tympani proper has no connection with 
the nerve cells of the so-called sub-maxillary ganglion. 

That this ganglion, with the smaller ones scattered in 
the chordo-lingual triangle, and the small ganglia occurring 
outside the hilus of the sub-maxillary gland are, for much 
the greater part, on the course of nerve fibres to the sub- 
lingual gland, and that comparatively few of the nerve 
fibres for the sub-maxillary gland ‘have nerve cells in their 
course before they enter the hilus. 

If these conclusions are well founded, it is clear that the name sub- 
maxillary ganglion should be given to the collection of nerve cells 
present in the hilus, and that what has hitherto been called 
the sub-maxillary ganglion would more correctly be called 
the sub-lingual ganglion. In this Paper when I use the term 
sub-maxillary ganglion in its old sense, I shall put it in inverted 
commas, 

We may now turn to the sympathetic fibres which accompany the 
gland artery. The facial artery from which the sub-maxillary is given 
off, has around it a nerve-plexus, the main bundles of fibres lying on 
opposite sides of the artery, but connected by occasional strands. From 
this, a similar plexus spreads along the sub-maxillary artery; at first 
view the bundles appear almost destitute of medullated fibres, but on 
counting them, there are found to be 30 to 35; these are chiefly small, 
2'5 to 3'5 w, a few being 5 to 7, and one or two rather larger. Close 
to the ducts, the artery divides and the nerve-plexus with it, the main 


branch which runs towards the sub-maxillary gland and the adjacent 


part of the sub-lingual has in its nerve-plexus about 20 medullated 
fibres. The plexus can be followed along the course of the artery into 
the sub-maxillary gland. Up to the distal end of the ganglion in the 
hilus, that is to say of the real maxillary ganglion, it is unconnected 


with the plexus resulting from the chorda tympani and has no nerve 
cells upon its course’, This gives ground for concluding that the 


sympathetic nerve fibres are not connected with the nerve 


cells which occur in the course of the chorda tympani. 


In the cat, the course and connection of the chorda tympani are in 
general the same as in the dog, but in the cat, some of the fibres of 
the sub-maxillary gland have nerve cells on their course earlier and 

1 The origin and functions of the medullated nerve fibres which occur in the sympa- 


thetic branches peripherally of the superior cervical ganglion, I propose to consider at a 
later time. 
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in greater number than in the dog, so that at the hilus of the gland 
there are in the cat relatively more non-medullated fibres. Still, as in 
the dog, the bundles of the chorda tympani proper run by the ‘ sub- 
maxillary ganglion’ without being connected with it; as it crosses the 
sub-lingual duct one or two of its bundles my join or be joined by 
fibres from the chordo-lingual triangle. 

In the rabbit I have made observations in one case only, in this the 
majority of the nerve cells were outside the gland. 

One other fact I may mention here; on teasing out the plexus 
which surrounds the sub-maxillary duct either of the dog or of the cat, 
a medullated nerve fibre of 7 to 10 w diameter may here and there be 
seen dividing into two. The division does not necessarily take place at 
the nodal point of the plexus. The resulting medullated fibres are of 
Jess diameter than the fibre from which they arise. On general grounds 
it seems not unlikely that these are sensory fibres for the gland. I 
have not in any case seen a medullated fibre of less diameter than 5 p 
divide. 

Deductions from histological observations such as ‘sheen must of 
course be made with caution, for it is quite possible that considerable 
variation in the disposition of the nerve cells may occur in different 
individuals of the same species. Fortunately physiological observations 
can be made to test the suggestions gained with the aid of the micro- 
‘scope; they are I think much more conclusive, and certainly take up 
less time. Such observations may be made (1) by stimulating the 
chordo-lingual nerve after section of the chorda tympani proper, (2) by 
stimulating the secretory nerves after the injection of nicotin into a 
vein or artery, (3) by applying nicotin locally to nerve cells. 


The following procedwre was adopted, wnless otherwise mentioned, in all the 
experiments, In the case of a dog, morphia hydrochlorate in 2 p.c. solution 
was injected sub-cutaneously; in the case of a cat, chloroform was given under 
a bell jar; when anaesthesia was complete, tracheotomy was performed and 
the trachea tube connected at intervals with a bottle containing a mixture of 
chloroform and ether. Morphia was usually injected sub-cutaneously in a cat, 
after chloroform had taken effect. The cannula in the duct of the sub- 
maxillary gland was connected with a tube graduated in millimetres; in the 
case of a dog the tube used was such that 250 mm. contained 1 cc., in the 
case of a cat 250 mm. of the tube contained °82 cc. | 

The following abbreviations are at times adopted, c = for the position dur- 
ing stimulation of the index of the secondary coil of a du Bois Reymond’s 
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nerve in the neck; Gang. for the superior cervical ganglion. In most cases 


indnction-machine ; Ch. for the chorda tympani; Sy. for the sympathetic 


the flow of saliva in millimetres of the graduated tubing was noted each 
20 seconds ; in the account of the experiments, the rows of figures show the 
number of millimetres rise of the saliva in consecutive 20 seconds; when Oh. 
and Sy., Duct. or Gang. is placed under one of these figures, it indicates 
that the chorda, sympathetic, duct, or superior cervical ganglion was stimulated 
during the 20 seconds corresponding to the secretion. _ 

In the experiments in which nicotin was injected into a vein, artificial 
respiration had in most cases to be resorted to for a shorter or longer time ; 
in the account of the experiments, the record of this is as a rule omitted. 


Stimulation of chordo-lingual nerve after section of the chorda. The 
chief result obtained by this experiment is that the whole of the 
chordo-lingual secretory fibres for the sub-maxillary gland may run in 
the chorda tympani proper, and have no connection with the ‘sub- 
maxillary ganglion,’ In Exp. Vv. (a) (p. 134) the chorda was simply cut 
near the duct; if any sub-maxillary secretory fibres had passed to the 
‘sub-maxillary ganglion’ or to the chordo-lingual triangle—except its 
posterior angle,—stimulation of the chordo-lingual would have caused a 
secretion from the sub-maxillary gland. In Exp. 1. the chorda was cut 
close to the lingual, and the chorda isolated nearly up to the duct; here 
too stimulation of the chordo-lingual produced no sub-maxillary secre- 
tion, nor was any produced by stimulating the ‘ sneeenicy ganglion’ 
and the neighbouring region. 


| EXPERIMENT I. 

Dog. Stimulation of chordo-lingual and ‘sub-maxillary ganglion’ after 
section of chorda tympani close to lingual. No secretion Srom sub-maxillary 
gland, slight secretion from sub-lingual. 

Jan. 5, 1888. Ligature and cut chorda about 2 mm. from lingual nerve, 
Dissect out chorda for about 1} cm. and turn forward. Chordo-lingual 
isolated, ligatured and cut. Graduated tube connected with the sub-maxillary 
duct. Cannula in sub-lingual duct. Shocks moderate to tongue. The stimu- 
lation in each case was for 30 seconds, 

Stimulate chordo-lingual—No secretion from sub-maxillary iad slight 

secretion from sub-lingual. This was _re- 
peated several times with the same result. 


chorda —Flow of cc, of submaxillary saliva in 
3 30 secs. and fair secretion of sub-lingual saliva. 
chordo-lingual—No secretion from 8. M.; slight from 8. L. 
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Finch, 00 sub-maxillary gland; from 


sue in and near region 
sub-lingual gland the secretion is rather less 
a than from stimulating the chorda. 


_ In most cases however some sub-maxillary secretion is obtained | 
by stimulating the chordo-lingual after section of the chorda, and the 
amount that is obtained varies in different animals, The following 
experiments will serve to illustrate this : 


EXPERIMENT II, 


Dog. Stimulation of chordo-lingual and ‘sub-mazillary ganglion’ after 
section of chorda tympani one-third of the way on its course to the duct; slight 
secretion from sub-maxillary gland. 

Jan. 7, 1888. Chorda cut about } way on its course from the lingual n. 
to the duct, isolated for the middle third of this course. Chordo-lingual 
isolated, ligatured and cut, Cannula in sub-maxillary duct connected with 
smaller graduated tubing. Shocks fairly strong to tongue. 


Stimulate chordo-li with ) ,,. | 
stump elie of saliva in successive 30 secs.= 8.8, 5. 
Stimulate lingual on the ad a 
to the duct for 60 secs. ” ” ” sae 
Stimulate region of sub-max- 7} | 
illary ganglion for 90 secs. ” ” 
Stimulate cut end of } =2.14 
lingual for 60 secs, as ” ” ” » 13. 
Stimulate chordo-lingual 
60 8eCs, ” ” ” 2 
Repeat ” ” ” ” = 4} . 3. 


Stimulate chorda for 30 secs. »” ” ” ” = 130, 


EXPERIMENT it, 


Dog. Stimulation of chordo-lingual, lingual and duct, after section of 
chorda half way on its course from lingual to duct ; some secretion from sub- 
masillary gland. Effect on sub-lingual gland. 

July 1, 1889, Chorda cut as above and dissected nearly up to duct. 
Chordo-lingual ligatured and cut, Sub-maxillary cannula with graduated 
tube. Shocks fairly strong to tongue. Stimulation in each case for 30 secs. 
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Stimulate chordo-lingual Rise of saliva = 25 mm. ’ 
_ Stimulate lingual (not isolated) ) | | 
half-way on course to duct 


Stimulate lingual where it crosses 
duct 


Stimulate lingual just below duct = 4mm. 
Stimulate duct about midway | 


» = 18 mm. 


=0 mm, 


between points where lingual 

crosses it and chorda joins it 
Stimulate chordo-lingual = 19mm. 
Repeat = 12mm. 
Repeat | = 16mm. 
Stimulate chorda = 116mm. 


= 31 mm. 


Stimulation of chordo-lingual in this case caused as much secretion from 
the sub-lingual gland as stimulation of the chorda. 


There is then in different dogs a certain degree of variation in the 
course of the chorda secretory fibres to the sub-maxillary glands; none, 
or a few, or a not insignificant minority, may run through the chordo- 
lingual triangle. Whether the fibres which take this course are con- 
nected with nerve cells in this region is not shown by the experiments. 
As an instance of occasional variation in the path of the chorda fibres, 
I may mention one case in a dog, in which a fine nerve filament was 
given off from the chorda tympani, curved towards the lingual, accom- 
panied the gland ducts for about two centimetres towards the mouth, 
then curved back and ran into the plexus of the sub-lingual gland 
at about the point where the chorda tympani crosses it. 

The chief result with regard to the sub-lingual gland is that after 
section of the chorda, a secretion is always obtained by stimulating 
the chordo-lingual, or by stimulating the region of the ‘sub-maxillary 
ganglion.’ The number of secretory fibres received by the whole gland 
is apparently as a rule not very unequally divided between the chorda 
tympani proper, and the other of bundles given off by the lingual; 
the tendency being for the greater number to run in the chorda. 

Similar experiments made in the cat give similar results; there is 
usually a slight sub-maxillary secretion on stimulating the chordo- 
lingual after section of the chorda. But in three experiments’ on the 
paralytic secretion, an account of which I have previously given, the 


1 This Journal, Vol, v1. p. 71, 1885. 
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chordo-lingual) gave no secretion 3, 13, 42 days respectively after re- 
moval of a portion of the chorda. 

In one observation in which the blood-flow from the sub-maxillary 
gland of the dog as well as the flow of saliva was noted, the chordo- 
lingual, after section of the chorda, had a much greater effect upon 
the blood-flow than upon the secretion, apparently relatively more vaso- 
dilator than secretory fibres ran through the chordo-lingual triangle. 


Paralysis by nicotin of the nerve-cells on the course of the secretory 
nerve fibres of the chorda tympani. Recently Dickinson’ and myself 
have shown that nicotin in moderate dose paralyses the nerve cells of 
various sympathetic ganglia without paralysing the peripheral endings 
of the nerve fibres. 

There are some differences in the effect of nicotin on the cat 
and on the dog, which it will be necessary to mention later; I will me 
first the more important common points. 

When a certain amount (cp. p. 149) of nicotin is injected into 
a vein of a cat, or of a dog, stimulation of the chordo-lingual nerve 
causes no secretion; this has been observed by Heidenhain’®. If 
however the hilus of the gland be stimulated a secretion of saliva 
follows at once; and when strong tetanising shocks are used, and the 
electrodes are pressed into the hilus, the secretion is nearly as rapid 
as that obtained by stimulating the chordo-lingual before the applica- 
tion of nicotin (cp. Exp. x1.). The amount of the saliva which can be 
so obtained shows that it is not produced by stimulation of the sym- 
pathetic nerve-plexus on the sub-maxillary artery, but this is better 
shown by injecting a small amount of atropin, insufficient to paralyse 
the sympathetic but sufficient to paralyse the chorda; after the injection 
stimulation of the hilus of the gland gives little or no flow of saliva 
(cp. Exp. x1). From this it follows that nicotin paralyses the 
nerve cells on the course of the chorda tympani fibres. In 
consequence of this paralysis, stimulation of the chorda centrally of the 
nerve cells, ie. in the chordo-lingual nerve, has no effect on secretion 
whilst stimulation of the hilus of the gland with strong shocks, i.e, 
stimulation of the fibres which issue from the nerve cells connected 
with the chorda, produces the usual result. 


1 Proc, Roy. Soc., Vol. xuvt. p. 423, 1889. 
2 Arch. f. d. ges. Physiol. Bd. v. p. 816, 1872. 
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’ I have not observed in any case that stimulation of the hilus of 
the gland with strong shocks failed to cause secretion, although in the. 
cat I have injected nearly 500 mg., and in the dog 800 mg.’ without 
causing death: we may conclude then that a very large dose of 
nicotin does not paralyse the secretory nerve endings. 

The fact that nicotin paralyses the nerve cells on the course of the 
chorda tympani but does not paralyse the terminations of the chorda 
tympani in the gland, suggests a way of determining with fair accuracy 
whether the nerve cells outside the sub-maxillary gland are connected 
with nerve fibres proceeding to it, or proceeding to the sub-lingual 
gland. 

We have so far only considered the effect of stimulating the chordo- 
lingual and of stimulating the hilus of the gland after nicotin has 
been given. If in this condition we carry the electrodes from the 
chordo-lingual to the chorda tympani—not dissected out—and thence 
along the duct to the hilus of the sub-maxillary gland we obtain 
slightly different results in the dog and in the cat; in the dog stimula- 
tion of the chorda tympani and of the ‘sub-maxillary ganglion’ gives 
no secretion, nor as a rule does stimulation of the duct, with the 
nerve fibres around it, for a short distance; as however the electrodes 


are passed a little further towards the hilus a slight secretion is 


obtained (cp. Exp. X.), and the secretion becomes greater as the elec- 
trodes approach the hilus, though it is never great until the hilus 
itself is reached. In the cat, stimulation of the tissue between the 
chorda tympani and the duct usually causes a slight secretion; as the 
electrodes are carried along the duct the secretion increases, although 
at first very slightly (cp. Exp. vi. (a)), and a moderate secretion may 
sometimes be obtained by stimulating the duct a short distance from 
the hilus (cp. Exp. vi. (0)). 

The above shows that in the dog there are usually no nerve cells 
on the course of the chorda fibres running to it, in the triangular 
piece of tissue in which lies the so-called sub-maxillary gland, that 
very few are outside the gland, and these are not far from the hilus; 
whilst in the cat, the nerve cells connected with the chorda fibres for 


the sub-maxillary gland are more scattered, a few being in the triangle 


of tissue just spoken of, and a greater number than in the dog being 
outside the gland not far from the hilus. 


1 These amounts, however, were given in several doses, the time taken before the whole 
was injected being about two hours. 
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Local application of nicotin to nerve cells on the course of the 
chorda tympani. In all cases in which nicotin is applied directly to 
nerve cells, it is of course desirable to ascertain how much, if any, 
decrease in irritability of the nerve fibres present is caused by the 
nicotin. The following experiment shows that a moderate application 
of 1 per cent. nicotin to the chordo-lingual and chorda tympani causes 
no decrease in irritability (cp. also Exp. 1X. on the cat). 


EXPERIMENT IV. 
Dog. Nicotin 1 p.c. applied to chorda tympani ; applied to sub-lingual 
ganglion ; applied to duct at hilus. 
Aug. 28, 1889. Chordo-lingual cut. Cannula in ducts of sub-lingual 
and sub-maxillary glands, Cannula of sub-maxillary gland connected with 
graduated tube (250 mm. contain 1 ¢.c.). 

: 3.14. Flow of saliva in mm. of tubing taken each 40 secs., of which 

chordo-lingual or chorda stimulated for first 20 secs. 

213 
Ch. Chi. Gh 

8.29. Nicotin 1 p.c. brushed over chordo-lingual, and chorda up to 

junction with duct. 

Flow of saliva 0. 234.-—.-—. 231 

Ch. 

3.33. Nicotin 1 p.c. brushed two or three times on triangle of tissue 

between lingual, chorda and duct. 

Flow of saliva taken each 20 secs, 
0.0.174. 60 
Ch.L. 
Lay bare duct near hilus, 
3.44. Flow of saliva each 20”,0.0.8.11.9.7.6.7. 185 
‘Ch.L. 
* Nicotin 1 p.c. brushed on duct close to and up to hilus, 


It is seen in the experiment that the amount of saliva obtained 
by stimulating the chordo-lingual or chorda is as great after as before 
the application of nicotin. But if nicotin is brushed over the region 
of the ‘sub-maxillary ganglion’ and the amount of saliva obtained 
from the sub-lingual gland by stimulating the chordo-lingual be 
noted, it is found to be diminished. The result is more striking if 
the chorda tympani is cut near the duct before Vailas the ex- 
periment. 
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BXPERIMENT 


Weight about sia Stimulation: of | | 
After application of nicotin to ganglion, 
Ducts of sub-marillary and sublingual glands conneoted with graduated tubes. | 
---:49.85. Stimulate chordo-lingual, ¢= 8, 60 secs.: no secretion from 
gland ; secretion 5mm. from sublingual 
1240, Brosh 1 p.c. nicotin over triangle of tissue between lingual, 
 chorda and duct; no secretion ‘secretion 4 mm, 
«from sub-lingual, 
19.45, Stimulate chordo-lingual, 60 secs. No secretion 
gland, secretion 1 mm. from sab-lingual. 
12.50. Repeat application of 1 p.c. nicotin. 
1253. Stimulate Ch. L., 60 seca, No secretion from either gland. 
12.55. Stimulate ‘sub-maxillary ganglion’ and surrounding 
secretion sub-maxillary, fair secretion from sub-lingual, 
- 10. Nicotin 1 p.c. on duct at edge of and a little under digastric ; 
_ slow secretion sub-maxillary, slight secretion sub-lingual. 


__ It will be noted that after nicotin 1 p.c. has been applied to the - 
triangle of tissue between the lingual, the chorda and the duct, 
stimulation of the chordo-lingual causes little or no secretion from 
the sub-lingual gland, ie. the secretory fibres for the sub-lingual. 
gland which run apart from the chorda tympani proper, -_ nerve 
cells on their course through this triangle. 

We have’ seen that secretory nerve fibres in small. variable 
numbers may run to the’ sub-maxillary gland, not with the chorda 
proper, but through the triangle of tissue just spoken of. The local | 
_ application of nicotin shows that in the dog, these aberrant fibres 
are not connected with nerve cells in this region : for if in a dog 
in which stimulation of the chordo-lingual gives a slight’ secretion 
after section of the chorda, nicotin be applied to the triangle between — 
the lingual, chorda and duct, the amount of ‘sub-maxillary saliva ob 
tained by stimulating the chordo-lingual is unaffected. 

Putting these points together, I’ conclude that the nerve 
in the triangle formed by the ‘lingual, the chords and the 
the cells of the so-called maxillary 
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are all on the course: -of “nerve fibres 
to the sub-lingual gland, and.none on the course of neve 
fibres running to the sub-mazillary gland... a 


additional: proof of this ie: afforded by the: 
of of the application of nicotin. Dilute nicotin in its first application a 
_ to nerve cells: stimulates them for brief period. It ig to thie 
stimulation that all: or: nearly all of the transient secretion which @ 
occurs:on injecting: nicotin is due; In the. dog, when nicotin @ 
is brushed over the chordo-lingual. triangle, there is slight. secretion 
from the sub-lingual gland, but none Exp,V. @ 
~ (a); on applying it farther down the duct, the same effect maybe 48 @ 
produced, or there may be also a slight secretion from the sub- =§§= “GJ 
maxillary gland; on applying it to the duct close to the hilus the 88 «J 
secretion from the:sub-maxillary gland. is obvious though stillslw | 
(Exp. TV.), and on applying it to the hilus of the gland:a fairly rapid 
secretion is. obtained from the sub-maxillary and @moderate secretion $= 
from the sub-lingual gland. In the cat. there is usually atacoi § @ 
secretion by applying 1 nicotin to the triangle: of tissue ; and 
— relatively more secretion by applying it to the one than there i is aa — 
dog. 2 
been mentioned by-Dickinson and myself (op. cif.) that althougha — 
small dose of nicotin injected into’a vein of: rabbit or cat prevents 
stimulation of the sympathetic nerve in the neck from producing 
 geeretion, yet secretion is readily obtained by stimulating the 
ganglion or the nerve fibres proceeding from it, The same may be 
- observed in the dog, but. in the. dog the recovery of the cellsof the 
superior cervical ganglion is so rapid that it will be best to give 
ly the observations made on this animal. ... 
In the cat although about 5 mgs, are sufficient to prevent the sym- 
: pathetic in the neck from producing a flow of saliva, yet in no-case 
have I found that stimulation of the ganglion, or the fibres proceeding 
from it failed to produce a secretion even when 500 mg. of niootin 
had been injected (cp. Exp. vi: (6). Since: the cells of the superior. 
- cervical ganglion are paralysed by so small an amount of nicotin, 
it is in the highest degree unlikely that if there were nerve cella on 
the further course of the sympathetic fibres, these nerve cells should 
escape paralysis with a large dese of nicotin, hence I conclude that 
4 the secretory fibres of.the sympathetic are not connected 
with nerve cells beyond the superior cervical ganglion, == 
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For beginning of Exp. 140, 29 ind een 


18. Lay bare superior cervical ganglion, stimolation of this causes 


| 


121 0.0.0.0. 0.0.0.0. 0. 8. 20. 19, 20. 20. 18 
“Inject 


Ch, 
Inject 100 mg. by By 


Gland laid bare is pale, no effect on stimulating the sympathe- 
superior cervical ganglion, _ 
| The experiment may be modified by injecting wicebiai inte the 
duet in order to affect as powerfully as possible all the nerve cells 
that are present in the gland. In this way the chorda tympani can 
be paralysed i in the dog without any appreciable difference of action 
occurring in the action of the sympathetic, which would hardly be the 
case if the sympathetic fibres were connected with nerve cells in the 
gland. In the cat, considerable care is required in injecting into the — 
duct, for the passage of nicotin into the general circulation is extra- 
ordinarily rapid, and as in the cat the cervical sympathetic is very 
Yeadily paralysed, the absorbed nicotin may be sufficient to paralyse 
it (cp. Exp. 1) and prevent stimulation of the sympathetic centrally 
of—though not peripherally to—the ganglion causing apy secretion. 
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In the dog the as 


whilst in the dog vononé: amount 10 ng. 


may for a brief period make stimulation of the: 
neck ineffective (cp. Exp. x.), the period of inieffectivences ie not of . 


long duration even when 100: mg. of nicotin are injected. Indeed 
the ‘results of venous injection of nicotin in: the dog, taken alone, 


might give rise to serious doubt as to whether the period of ineffective- ee 
neas of the sympathetic in the neck was really due to's paralysis of 


the nerve cells in the superior cervical ganglion. Fortunately the 
“effect of the direct application of nicotin to the ganglion is more 


~ decisive. I have tried this in a considerable number of cases, and — 
in all. the stimulation of the cervical synipathetic had no trace of 


effect for ten minutes to an hour. But to produce ‘this effect the 
‘nicotin must be much more freely applied than is necessary either in 


paralyste of the: nerve calls for on Rowe. 


Now. 16, 1889. Dog. Chordo-lingual cut; eannuls in sub-masillary 
dnd Vagus separated from sympathetic for 1}-om. and cut. Superior 
cervical ganglion freed from surrounding connective: tissue, but not separated 


from the vagus. Pupil very small, Stimulation of cervical sympathetic — 


_ (c=8) causes normal secretion, opening of eye and dilation of pupil, — 


(1246. Bight small drops of 1 p.c. niootin’ allowed to fall on the 


superior cervical ganglion, left for 1‘to 2 min. and then sopped 
with a sponge, Slight secretion: the pupil slowly enlarges ; 
the pupil of the other side remains small, notwithstanding that 
12.50. Pupil again small. | 
Stimulate cervical sympathetic for 60 secs, : 8, no searetion 
___@nd ne change in eye or pupil. 
_ Pupil does. not dilate. 
12.56, Stimulate By—ano effect, 
‘Stimulate Sy—no effect, 
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2.9. Stimulate Sy; c= 20, ic. pop 
seeretion doubtfal. 
Ten small drops of 1 p.c. nicotin 
before; slight secretion, — 
: of respiration. 
266). Stinnulate Sy, ¢= 8; slight secretion, pupil dilates well, . 
2.56}. Stimulate Sy, 10; no effect, 
» 83 no effect. 
gp C= 7; no effect, 
6; no effect. 
3.5. ‘Stimulate ganglion, c=5; little secretion, 
| Stimulate Sy, c=5; no effect, 
3,15. Cut through fibres from ganglion to externa carotid and 
_ ganglion. 
8.25. Stimulate Sy, c= 10; eye opens, pupil dilates. 
40. Nicotin I p.c. on ganglion as before. 
44 Stimulate Sy, c= 10; pupil dilates. 
4.5}. Nicotin.1 p.c. on ganglion, excess not removed. 
4.6. Stimulate Sy, c=10; pupil dilates. 
£6}. Nicotin ganglion, 
47}. Stimulate Sy, c= 10; no effect, 
Stimulate Sy, ¢=6; no effect. | 
ees Stimulate Bocas e= 4; pupil dilates, no body movement, 
Stimulate Sy, c= 8; no effect. 
4.15. Stimulate Sy, ¢ = 6; no effect, 
5.25. c= 6; pupil dilates, 


- In this case 1 per cent. nicotin applied freely to the superior cervical 
ganglion prevented, for an hour or more, stimulation of the cervical 

sympathetic from producing a secretion. a less 
the duration is much shorter. 


$0040 cach 


‘EXPERIMENT VIII. | 
Dog. Application of nicotin to the superior cervical ganglion, 
brief paralysis of the nerve celle. 
Dec. 16, 1889. Chordolingual cut; cannula in sub-maxillary gland, a 
sympatheti isolated from vagus in the upper part of the neck; — 7 ' 
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‘SALIVARY SECRETION. 


110; Stimulate sympathetic, ¢= 8; causes sectetion, dation of pupil 


ete,, and marked fiushing of lips and gums-on thet side. 


1.80, No secretion takes place. Nicotin 1 p.c.. is brushed over the 


superior cervical init i little us possible excess of fluid 


‘being used. ‘This causes sectetion of 9, 2, 1, mn. of saliva 


in successive 20 seck., then the .secretion stops; it causes also 


the eye to: open, and turn forward, and: the: pupil to dilate, 
these effects soon pass off. No other effects were produced, — 
unless one or two. deeper. inspirations occurring the time 

ee : were due to the nicotin (the lips were not observed). 


on eye or on lips, | 
1.34, Stimulate sympathetic for 40 acts 


1.38. Apply nicotin 1 p.c. again to the ganglion, more freely; this 


application produces no obvious effect. 


145. Stimulate’ Sy; ¢=7; slight secretion; 


not follow immediately upon the application of nicotin'to the ganglion: — 
one to two minutes after the application, and m.some cases even 
longer, the sympathetic may produce a secretion. Hence in observing 


the action, it is necessary either to wait for a minute-or two before 


making the first stimulation, or. to stimulate again later if the first os 
stimulation produces a@secretion. And this is still more the case, when | 


the nicotin is injected into a blood vessel. 
I may also note here, that strong induction hike are required to 


) produce a secretion by stimulating the superior cervical: ganglion of the 


dog after nicotim hasbeen given; this is no doubt due to the thickness 


of the connective tissue coat of the ganglion, since strong shocks are 


normally required unless the lower end of the ganglion, where the 


current can easily spread out to the entering nerve fibres, be taken. 


Relative time of paralysis of the nerve cells on the course of the 


chorda tympant and of those on the course of the sympathetic.. 

In the cat there is a distinct difference in the ease of paralysis of 
the cells on ‘the’ sectetory' fibres of the chords and those on the secretory 
fibres of the sympathetic, and contrary to what one might have expected 


the cells of the superior cervical ganglion are ere before and 


recover after those of the sub-maxillary. 
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EXPERIMENT VI. (a). 

Cat. Nicotin injected in a vein paralyses the cervical sympathetic before it 

paralyses the chorda tympani. Amount of saliva obtained by stimulating the 
chorda after paralysis of the chordo-lingual. 


Oct. 11, 1889. Chordo-lingual ligatured and cut; serunbietie ligatured 
and cut low in neck, duct of sub-maxillary gland connected with graduated 
_ tubing. Sec. coil at 8; this gives shocks moderate to the tongue. The 
chorda was in all cases stimulated close to the lingual nerve: it was not 


isolated. 
11.16. Flow of saliva each 20 secs. 
0.0.49.14.2.27.6.3 
th By. 
11.90. 0.0. 4.98. 29.12.5. 10.14. 


‘By. Ch. 
* Inject into crural vein 25 mg. of nicotin. 


11.26. 


Ch, 
0.0.0.0.0 
‘By. By. 


* Inject into crural vein 2°5 mg. of nicotin. 
t Artificial respiration begun, kept up for about 10 min. 
By. 
11.58. 


By. Oh, Ch, 
0.15. 
Che=7 By. 
* Inject into crural vein 4 mg. nicotin, 
2236. 0.0 
| Ch.L. duct* Ch. duct By. 


* The duct was stimulated a little below the point where the chorda joins it. 


12.20, 


Ch. duct By. 
* Inject into crural vein 20 mg. nicotin, 


For continuation of Exp. see p. 136, 
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EXPERIMENT IX. 


Cat. Nicotin on chorda tympani and tissue near it. Nicotin injected 
into Wharton's duct paralyses chorda, and being absorbed paralyses the 
superior cervical ganglion ; the chorda recovers before the 
pathetic in the neck, 


Sep. 10,1889. Chordo-lingual and cervical seattle ligatured and cut. 
Cannula in sub-maxillary duct connected with graduated tube, <A 2°5 p.c. 
solution of neutralized nicotin was used. Sec, coil at 9 gives shocks weak 
to the tongue, this was the position - the coil during stimulation, unless 
otherwise mentioned. 


12,14. 


12.32. 


Flow of saliva every 20 secs. 

0. 
Ch. L. “By. Ch. L. 
0.0.0.0.0.0.0.0.0.41.15.3.1.0 


Ch. L. 
* Paint i tes nicotin (neutralized) on chordo-lingual, chorda, and 
tissue between chorda and duct, 


12.44.20, Force into gland through duct a cannula of 2°5 p.c. nicotin. 


12.45, 


12.55, 


1.22, 
1,44 


1.54 


1.56. 


2.22. 


2.37. 


Almost at once marked general nicotin effects. 
Flow of saliva. 36.16.4.3.2.1.2.2. 2}. 34.3.0 
Artificial respiration—very slow secretion going on, 
0.0.0.0.0.0.0 

Ch. fy. By. | 
Chorda gives a slight secretion, the sympathetic none. 
Chorda gives distinct secretion, although not plentiful; the 
sympathetic gives none or possibly a trace (4 mm.). 


_Chordo-lingual gives a moderate secretion, the sympathetic 


gives a slight secretion. 

Force into the gland another cannula of 2°5 p.c. nicotin. 
Produces general nicotin effects, but very little flow of saliva. 
In a minute or so, stimulate chorda and then sympathetic each 
for 20 secs., no flow of saliva results. Repeated at intervals 
for longer periods of stimulation until 2.21, in no case secretion. 
Stimulate chorda on duct where it dips under digastric ; slow 
secretion, 

Stimulate superior cervical ganglion, ¢ = 6, secretion, 

Chorda, and sympathetic (in neck) still paralysed. 
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2.56. The chordo-lingual gives a slight sec., the sympathetic none. 


3.30, The chordo-lingual gives a fair secretion—about 20 mm. of 
- tubing—the sympathetic gives a trace (1 mm.). 


In the dog the relative time of paralysis is less easy to decide, since, 
as already stated, with a small dose of nicotin the period of paralysis of 
the superior cervical ganglion is extremely short, but apart from the 
immediate effects of the first dose, the cells of the superior cervical 
ganglion in the dog are much less affected by nicotin than the secretory 
cells on the course of the chorda tympani. 


EXPERIMENT X. | 
- Dog. 10 mg. nicotin causes brief paralysis of sympathetic and chorda, 
sympathetic recovering more rapidly than the chorda. Four successive in- 
— jections of 4 mg. of nicotin, neither chorda nor sympathetic paralysed. 25 mg. 
of nicotin causes paralysis of chorda, not of sympathetic. — 

Oct. 12, 1889. Chordo-lingual ligatured and cut, chorda isolated for 
about } inch. Cannula in sub-maxillary gland connected with graduated 
tubing. Sympathetic separated from vagus and cut. Shocks moderate to 
tongue. The nicotin (1 p.c.) was injected into crural vein. 

12.14. Flow saliva. 0.110. 60. 14 0.88.27.7 
Ch. Sy. 
12.30. 0.0.3.59.35.33.7.3.1.1.0.0.0.0.0.0.0.0.0.0 


Inject 10n 10mg. 3 Sy. Sy. 
nicotin 


“Ch. Sy. Sy. for 10” “Ch. By. 
0.14.3.3.8.15, 15.83.13 
Ch. By. 
2.2.125.7 0. 157.13 
Ch. Ch. 
0.49.10 16.5, 2 
Sy. Sy. 
0.7, 
Inject 4 mg. nicotin Ch. 
0.76.12. 
By. 4 mg. nicotin Ch. 
4. 98 8. 0.9.9.0 
Sy. 4 mg. nicotin Ch, 
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150. 0.33.5.5.1.0.0.0.0.0.0.0.0.89.24.18.33.6 


Sy. 4 mg. nicotin Ch. Sy. 
27. 98.11. 7 
25 mg. Ch, By. 

nicotin 

Sy. Ch. 

Duct under By. 

| 


After an amount of nicotin sufficient to paralyse the chorda tympani 
nerve cells as well as those of the sympathetic, the sympathetic rapidly 
recovers, the chorda only slowly recovers, and by successive not too 
small doses, the chorda may be kept paralysed for hours, during the 
whole of which time, except possibly for a few minutes after an in- 
jection, a secretion can be produced by stimulating the sympathetic. 


Connection of the vaso-dilator fibres of the chorda tympani with peri- 
pheral nerve cells. The existence of nerve cells upon the vaso-dilator 
fibres of the chorda tympani has been simply a matter of conjecture. 
But by the same method as that given above for the secretory fibres, it 
can be shown that the vaso-dilator fibres are connected with nerve cells 
occupying about the same position as those on the secretory fibres. 
That the vaso-dilator fibres of the chorda tympani are paralysed by 
nicotin has been mentioned by Heidenhain’. He injected into the 
vein of a dog 3 cc. of a solution of nicotin, made by adding eight drops 
of nicotin to 100 cc. of water; this probably means an injection of 
10 to 15 mgs. He found that the vaso-dilator fibres were paralysed 
for twenty to thirty minutes, becoming again irritable a little earlier 
than the secretory fibres. I have not, in the few experiments I have 
made on this point, found so great an effect from this dose. Fifteen to 
twenty milligrams has either simply diminished the vaso-dilator effect, 
or paralysed it for a few minutes only. With a sufficient dose however, 
the paralysis is produced. If then the duct near the hilus be stimu- 
lated, a distinct increase in blood flow is obtained from the gland vein, 
if the hilus itself be stimulated with strong shocks, a large increase in 
blood flow is obtained, As with the secretory fibres the only explanation 
of this seems to me to be, that the vaso-dilator fibres of the 


1 Arch. f, d. ges. Physiol., Ba. v. p. 816, 1872; 
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chorda tympani are connected with nerve cells and these are 
paralysed by nicotin. 

The injection of nicotin into the blood even when the chorda is cut 
causes a primary considerable increase of blood flow followed by a 
constriction; the primary increase of blood flow is probably due to the 
stimulation of the vaso-dilator nerve cells by the alkaloid. On suc- 
cessive injections of nicotin this effect diminishes or disappears (cp. 
Exp. X1.). 

The observation of Heidenhain that after nicotin has been given 
the secretory fibres recover before the vaso-dilator I can confirm. Further 
the secretory fibres are more readily paralysed. As regards the relative 
ease of paralysis, I have found wide variations in different dogs, whether 
this is due to some difference in experimental conditions, or to a dif- 
ference in the position of the nerve cells, I am unable to say. Since the 
‘paralysis’ is, as we have just seen, one of nerve cells and not of nerve 
endings, these facts show that the peripheral nerve cells connected 
with secretory fibres of the chorda tympani are paralysed by 
nicotin, more readily than the peripheral vaso-dilator nerve 
cells, 

As I have just stated, I have found considerable difference in the 
relative times of paralysis of the secretory and vaso-dilator fibres of 
the chorda. In the following experiment the persistence of the vaso- 
dilator function of the chorda was very remarkable, This may be in 
part due to a number of doses of nicotin having been given (cp. p. 150), 
and to several hours being allowed to elapse between the first dose and 
the first large one. 


EXPERIMENT XI. 


Dog. Successive injection of 25, 40, 40, 40, 125, 125, 125, 125 mg. of 
nicotin. The third dose of nicotin paralyses the chorda less than the first. 
Long after-secretion produced by the chorda, Slow paralysis of vaso-dilator 
Cessation of this on giving atropin. 

Oct. 26, 1889. Rather large dog. Ch. L. cut, Sub-maxillary duct con- 
nected with graduated tubing. 


1.17, Inject into crural vein 25 ing. of nicotin, 


1.23, Saliva taken each 20 secs, 


0.0. 10 
Sy.c=9 Ch. Ch. c=8 Sy. 
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133. 0.1.6.14.38.75 Secretion goes on for about 10 min. 
2.28. 0.170.15.0 
: Ch. 
2.35. Inject 40 mg. nicotin. 
2.50. 9.98.14.7,3.2.1.1.1.1.0.0 
Sy. Ch. 
2.57. Inject 40 mg. nicotin. 


3.6. 0.0.1.15.66.80.105.84.68 Secretion slowly ceases. 
Ch. 
Tie all branches of the lower division of the jugular, except 
gland vein opening into it: collect blood in tube graduated 
in 
4.36, Saliva and blood flow taken each 30 secs. 
Saliva O. (OP 8.3.3.3. . 12. 29 
Inj. 40 “Ch.  -Hilus Sy 
mg. nic, c=6 
4.47. Saliva 0.128.125.—. 26.25.24. 24.18.20. 30. 47 
_ Blood flow 2. 3 3..2.14.-.-. #.14. 13.12. 2} 
‘Hilus  Che=8 
5.24. Inject 125 mg. nicotin. Secretion (max. 107 mm. in 20 secs.) ; 
blood flow increased for about a min.; then very slow. Stim. 
of chorda increases blood flow, but oi secretion. Stim. symp. 
decreases blood flow, increases secretion. 


5.43. Inject 125 mg. nicotin. Little or no effect on secretion (pro- 
bably going on in consequence of previous stimulation of hilus 
and symp.), increase of blood flow at first ; chorda causes slight 
increase of blood flow, none in secretion. Hilus and symp. 
usual effects. 

5.56. Inject 125 mg. nicotin. No alteration in rate of secretion, 
slight increase in blood flow. Chorda and symp. as before. 


6.1. Inject 125 mg. nicotin. Secretion going on at the time of 
injection is made slower, just appreciable increase in rate of 
secretion. Stim. of chorda has no appreciable effect, stim. of 
hilus increases the blood flow as at 4.47, but causes less secre- 
tion (67 mm. in 30 secs.)'; stim. of symp. has usual effects. 


1 In some other experiments I have found the amount of saliva obtained by stimulating 
the hilus, after paralysis of the chorda by nicotin, to be much greater than occurred here. 


PH. XI. 10 
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Inject 30 mg. atropim sulphate ; stimulation of hilus now causes 
no secretion, it increases the blood flow but much less than 

_ before. The symp. has a slight action only on the secretion 
and the pupil. 


Vascular fibres of the sympathetic. What has been already said 
with regard to the ‘secretory fibres of the sympathetic holds also 
for its vaso-constrictor fibres. Although it is a little foreign to the 
immediate purpose of this paper, it may perhaps be not altogether out 
of place to give here some observations on the vaso-dilator fibres of 
the sympathetic. Dastre and Morat’ have shown that in the dog 
stimulation of the sympathetic in the neck causes dilation of the 
arteries in the lips, gums, nostrils, and some other parts; the whole 
region in which the dilation occurs they call the bucco-facial region. 
And this has been confirmed by Rogowicz* 

I have sometimes missed this effect and seen in its place a slight 
constriction or a primary constriction with subsequent dilation; this 
not uncommonly occurs with a weak stimulus. But in most cases 
a primary dilation is produced as they have described, and the redden- 
ing of the bucco-facial region, especially of the anterior parts of the 
lips and gums, is so intense as to leave no kind of doubt that it is 
caused by vaso-dilator fibres. I may mention that in my experiments 
curari was not used but morphia and chloroform, the sympathetic in 
the neck was isolated from the vagus; and stimulation with a current 
not or barely perceptible to the tip of the tongue in favourable cases 
produced the flushing, although to a less degree than a somewhat 
stronger current. Application of 1 per cent. nicotin to the superior 
cervical ganglion completely prevented stimulation of the sympathetic 
in the neck from producing flushing, ie. the vaso-dilator fibres of 
the cervical sympathetic like its other fibres*, end in the 
cells of the superior cervical ganglion. 


It requires a number of trials to determine the spot from which the ie. Poe amount of 
secretion can be obtained. A little shifting of the electrodes causes a considerable difference 
in the rate of secretion of saliva, and since the electrodes have to be pressed into the hilus, 
a slight shifting in their position in successive stimulations easily occurs, Sometimes 
when a moderate secretion and a fair blood flow are going on in consequence of 
stimulating the hilus, a slight shifting of the electrodes may considerably increase the one 
and have very little effect on the other. 

1 Arch, de Physiol. norm. et pathol., 1876, p. 409. 

' 2 Arch. f. d. ges. Physiol., Bd. xxxv1., 1885, p. 5. 
3 Cf. Langley and Dickinson, Proc. Roy. Soc., Vol. 46, 1889. 
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Condition of the nerve cells preceding paralysis. There is a stage 
of nicotin poisoning in the dog when a brief stimulation of the chorda 
tympani, e.g. for 20 secs., produces little or no effect, but if the stimu- 
lation be prolonged, a slight secretion occurs in the next 20 secs., 
and in a minute to a minute and a half becomes fairly rapid (cp. Exp. 
xI.). It is as if the nerve cells were slowly aroused by the stimulus 
from a state of torpor. Moreover the secretion does not cease soon 
after the cessation of the stimulus, but continues for five or ten 
minutes, or even longer; as if the nerve-cells when once excited could 
only slowly return to a quiescent state. A slow continuance of the 
secretion for some time after the end of stimulation occurs occasionally 
in the normal state, and as far as my experience goes, more frequently 
when the duct and hilus of the gland has been exposed. The slow rise 
of the secretion I have not observed except in nicotin poisoning, and 
in this state it does not necessarily occur on stimulation of the hilus. 
An earlier stage of nicotin poisoning may also be observed, in which 
stimulation of the chorda tympani for twenty seconds barely produces 
a secretion, but nevertheless causes a copious and protracted after- 
secretion. 


Condition of the nerve cells during paralysis. I have spoken of the 
nerve cells as being paralysed, when stimulation of the central end 
of the nerve in running to them, produces no observable effect. It 
is possible that in this state the nerve cells are capable of being stimu- 
lated by means other than nervous impulses. The principal fact which 
indicates this is that in a certain stage of nicotin poisoning, at a time 
when stimulation of the chorda tympani produces no secretion, a slight 
secretion may be obtained by injecting a large dose of nicotin. Another 
fact, perhaps bearing on the point, is that occasionally at a time 
when the nerve trunks are ineffective, stimulation of the hilus or of 
the superior cervical ganglion will produce an after-secretion lasting 
five to ten minutes. This however may be due to polarisation currents. 


The flow of saliva produced by nicotin and its character. Heiden- 
hain (op. cit.) found that when about fifteen milligrams of nicotin 
were injected into the vein of a dog a rapid secretion was set up, 
lasting however a minute or two only. The secretion I take to mean 
that the nerve cells are stimulated, its cessation that the nerve 
cells have diminished -in irritability or are paralysed. The amount 
of secretion increases up to a certain point with an increase in the’ 

amount of nicotin injected, and then decreases, so that with a large- 
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dose of nicotin there is very little secretion. Thus in a dog, weight 
about 10 kilos, the total sub-maxillary secretion caused by 100 mg. 
of nicotin was j, c.c. When a second large dose is given there may 
be no secretion, the nerve cells are apparently paralysed instantly. 
With a dose of nicotin insufficient to paralyse the chorda tympani, 
the secretion stops in a short time, in much the same way as if the 
nerve cells had been paralysed. Probably the irritability of the 
nerve cells is diminished by the nicotin, so that the amount of nicotin 
present is insufficient to stimulate them. 

Some of the facts mentioned here and earlier show that the nerve- 
endings of the secretory fibres in the gland are not affected by nicotin. 
We have seen that after a large dose of nicotin, the secretory nerve- 
endings are still irritable, for a rapid secretion is produced by stimu- 
lating the nerve fibres in the hilus of the gland, nevertheless the injec- 
tion of a further dose of nicotin causes no secretion, that is to say, 
under these conditions at any rate, nicotin does not stimulate 
the secretory nerve-endings, and it seems to me unlikely that it 
does so under any conditions, 

A curious condition is obtained by injecting nicotin repeatedly, at 
first in small and then in gradually increasing quantities; after the 
later injections the secretion lasts a longer time, so that apparently 
@ continuous secretion is obtained. Probably the explanation of this 
is that with successive doses, the paralysing effect of nicotin 
upon the nerve cells decreases more than the stimulating 
effect. | 
_ According to Heidenhain, with a single small dose of nicotin 
sufficient to paralyse the chorda tympani; the sub-maxillary secretion 
is rather more plentiful if the chorda is left intact than if the chorda 
be cut, and after a pause of about 15 minutes the secretion begins 
spontaneously. In the one or two experiments I made upon these 
points, the sub-maxillary secretion was slightly, though very slightly, 
greater on the side with the chorda intact ; a spontaneous secretion did 
not occur from either the sub-maxillary, the sub-lingual or the parotid 
glands, If the chorda be stimulated, an apparently spontaneous secre- 
tion may be obtained, but probably it is a protracted after-secretion 
such as is caused by stimulating the chorda tympani when the nerve 
is recovering its irritability (cp. p. 147). 

Heidenhain also mentions that when a secretion due to nicotin is 
going on, stimulation of the sympathetic causes a less viscid secretion 
than usual, and explained this by the admixture with the sympathetic 
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saliva of watery chorda saliva, The fact is easily confirmed, but to the 
- explanation given by Heidenhain I should add that the weak stimu- 
lation of the gland-cells by the impulses coming down the chorda 
tympani enables the impulses coming down the sympathetic to spread 
out to more gland-cells and in consequence to produce a sympathetic 
saliva more watery than normal. It may be remarked that the saliva 
secreted by the sub-maxillary gland as the result of giving nicotin is 
rarely, so far as I have seen, very viscid; usually it is distinctly watery, 
and this although stimulation of the chorda tympani immediately before 
the injection of nicotin may have produced a viscid saliva with the 
weakest effective stimulus. A somewhat similar action is seen when a 
small dose of pilocarpin is injected; the action differs however in so far 
that pilocarpin sometimes with a small and usually with a large dose 
causes a secretion which is viscid. 

If to a dog a dose of nicotin is given sufficient to completely 
paralyse the chorda tympani (at its origin from the lingual), and time 
be given for the superior cervical ganglion to recover from its paralysis, 
the sympathetic then gives its normal viscid secretion, though it can 
be, as normally, made more watery and abundant by previous stimu- 
lation of the hilus. 

The sub-lingual gland gives a thick secretion under the influence of 
nicotin, and not a watery one, although it is less thick than that usually 
obtained by stimulating the chorda tympani. It results then, that 
nicotin produces a secretion like that obtained by a weak stimulation 
of the chorda tympani in a curarised animal. 

The parotid behaves to nicotin in a manner like that just de- 
scribed for the sub-maxillary glands. 


Amount of nicotin required to paralyse the nerve cells. Since the 
determination of the minimal amount of nicotin necessary to produce 
paralysis of the chorda tympani and of the sympathetic in the cat and 
in the dog was of no importance for the object of my experiments, I 
am able to speak on this point only from experiments made with other 
objects in view. To determine the minimal amount requires a special 
series of experiments. There is a primary difficulty of determining 
after an approximately minimal dose of nicotin whether the nerve is 
paralysed or not, for the duration of the paralysis increases with the 
dose, and with a small dose is very transient. And if the first dose 
does not produce paralysis, the experiment for the object desired is at 

an end, for a second dose produces less effect than the first, and how 
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much less depends upon the relative amounts of the doses and not 
improbably also upon the condition of the animal. 

The amount of nicotin required increases of course with the weight 
of the animal, but taking this into account the cat is more sensitive 
than the dog. Speaking generally, I should say that a paralysis lasting 
fifteen minutes is produced, in the secretory nerve cells of the sym- 
pathetic of the cat by about 5 mg. of nicotin, in the secretory nerve- 
cells of the chorda tympani of the cat by 8 to 10 mg.; in the secretory 
nerve cells of the chorda tympani of the dog—weight 6 kilos—by 25 
to 30 mg., in the vaso-dilator nerve cells of the chorda tympani of the 
dog by 30 to 35 mg. The nerve cells of the sympathetic (superior 
cervical ganglion) of the dog have an exceptional position, for whilst a 
paralysis of a few minutes can apparently be produced by a dose of 


about 10 mg.; a dose of about 100 mg. may paralyse it less than a 
quarter of an hour. 


Action of successive doses of mcotin. Dickinson and myself’ in 
making experiments upon the effect of the application of nicotin to 
sympathetic ganglia observed, that after a recovery from paralysis, a 
second paralysis was more difficult to produce, and lasted a shorter 
time. This rapid habituation to the poisonous action of nicotin is very 
unequally shown by different ganglia. It is most marked in the 
superior cervical ganglion of the dog; an instance of this is given in | 
Exp. Vil.; it may be much more striking than in this case, thus in one 
experiment, the ganglion was simply brushed over with 1 per cent. 
nicotin for about 10 seconds, using no appreciable excess of fluid, this 
caused a paralysis of the ganglion lasting nearly a quarter of an hour, 
nevertheless, later, three similar applications of nicotin failed to produce 
any obvious effect, and a paralysis was only brought about by flooding 
the ganglion with 1 per cent. nicotin. On the other hand, the superior 
cervical ganglion of the cat shows very little indication of such 
action; in one case for example, 5 mg. of nicotin paralysed the cervical 
sympathetic secretory fibres for 15 to 20 minutes; 25 minutes after 
this dose, a second dose, this time of 10 mg. was given, this paralysed 
the cervical sympathetic secretory fibres for more than 50 minutes. - 

The sub-maxillary ganglion of the dog takes a median place between 
the two ganglia just spoken of. The slow paralysis of its vaso-dilator 
nerve-cells in Exp, x1. is, I am inclined to think, an example of this. 
In the following experiment—given also to show the resistance offered 

1 Proc. Roy. Soc., Vol. xuv1., 1889. 
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by the superior cervical ganglion to nicotin injected into a vein—the 
third dose of nicotin produces appreciably less paralysing effect upon 
the secretory nerve cells than either the first or second dose’. 


EXPERIMENT V. (6). 
Dog. Effect of successive injections of 8, 13, 20, 150 and 260 mg. nicotin. 
For beginning of Exp., see p. 134, 


Isolate sympathetic in the neck and partially expose the sub-maxillary 
gland. 


2.7. Inject into crural vein 8 mg. of nicotin. Gland reddens for 
a minute or so, then becomes pale. Secretion. 

i 2.11. Stimulate chorda, 30 secs., possibly trace of secretion, slight 

reddening of gland. 


291° Gland first. reddee, then dull’ tink, 
Secretion. 


2.43. Stimulate chorda, 30 secs., no effect. 
: Stim. duct, secretion which continues after end of stimulation, 
gland redder. 
Stim. symp. good secretion, gland paler. 
2.49. Chorda slightly increases the secretion, but less than the 
sympathetic. 
' 2.58. Chorda gives more secretion than the sympathetic. 
3.11. Inject 30 mg. nicotin; two minutes later the symp. causes 
, a very slight secretion, four minutes later the chorda stimulated 
for 80 secs. causes a slight secretion which dies out even more 
slowly than the symp. secretion. The chorda remains in this 
state until the next injection of nicotin. 
3.23. Flow of saliva each 20 secs. 4.3.36.64.35.13.6.5.4 


3.3.2.2.0.0.0.0.0.0.0.5.3.2.2 


| Sy. 
* Inject 150 mg. nicotin. Gland at first reddens, then becomes pale. 
3.40. Vein from sub-max. gland cut through. 


1 The relation between these results and those of Traube (blood pressure), Nasse 
(intestinal movements), Rosenthal and v. Anrep (convulsions and general paralysis), I think 
I need not discuss here, since Mr Dickinson and myself propose to consider them in a more 
general paper on the action of piturie and nicotin. 
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3.46. Stim. of symp. Causes slight increase of secretion and decreases - 
the blood flow, though less than normally ; stim. of chorda has 
no effect ; stim. of duct under digastric gives a slow secretion ; 

_ stim. of hilus gives a rapid secretion (67 mm. in 20 secs.) 
and an increase of blood flow. 


4.15. Chorda still gives no effect ; inject 260 mg. nicotin. The slow 
secretion going on is slightly decreased ; stimulation of hilus 
gives a fairly rapid secretion from the sub-maxillary, and a 
slow secretion from the sub-lingual gland. Stim. of the symp. 
is of doubtful effect, but it apparently causes a slight secretion. 
Stimulated 5 to 10 minutes after the injection, it causes dila- 
tion of the pupil. 


Connection of the sympathetic with the inferior cervical and upper 
thoracic ganglia. It was with considerable curiosity that I turned 
to the effects of nicotin upon the inferior cervical ganglion, for the 
results would probably be of general application with regard to the 
question whether nerve fibres leaving the chord and running through 
more than one sympathetic ganglion are connected with cells in 
one ganglion only, or with cells in more than one ganglion. The 
results were very striking; repeated and copious applications of 
nicotin 1 p.c. to the inferior cervical ganglion had no effect on the 
results of stimulating either limb of the annulus of Vieussens. The 
secretion, the paling of the gland, of the tongue, of the ear, the flushing 
of the lips and gums, the movements of the eye and the dilation of 
the pupil were obtained as before. The limbs of the annulus of 
Vieussens were cut close to the first thoracic ganglion, and (in one. 
experiment) stimulated with a current so weak as not to be felt on 
the tip of the tongue, so that there could be no question of the 
current escaping to the fibres above the ganglion, But all the above- 
mentioned effects of stimulating the annulus of Vieussens were 
abolished by applying 1 p.c. nicotin to the superior cervical ganglion, 
and applying it in very much less quantity than had been used in 
the case of the inferior cervical ganglion. 

On the first and second thoracic ganglia I have made one ex- 
periment on the dog and three on the cat, in no case did the appli- 
cation of 1 p.c. nicotin prevent stimulation of the trunk of the 
sympathetic below it from causing a secretion, and all the other effects 
normally observable in the head. Moreover the application of the 
nicotin to the upper thoracic and inferior cervical ganglia causes none 
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of the stimulating effects such as secretion and dilation of the pupil 
which are caused by the application of nicotin to the superior cervical 
ganglion, 

- Ieonclude from the above that the sympathetic fibres which 
run to the head are not connected with cells in either the 
thoracic or the inferior cervical ganglion. And this together 
with what has been said earlier (p. 135) shows, I think, that the | 
sympathetic nerve fibres for the head are only connected 
with nerve cells in the superior cervical — 


Irradiation of impulses in salivary glands. I have in a previous 
paper suggested that the chorda and sympathetic nerve fibres are 
connected with different gland-cells, and that when either nerve is 
stimulated, an irradiation of impulses to neighbouring cells occurs. 
The observations just given show that the irradiation cannot be 
produced by a common nerve-centre in the gland, and although it 
might possibly be produced by a spreading out of impulses in a 
terminal plexus of nerve fibres, it seems to me more probable that 
it is due to the passage of the impulse directly from cell to cell. I 
have made one or two experiments to test the view that the chorda 
and the sympathetic run to different nerve cells. This was done by 
stimulating the chorda, or the sympathetic, or both nerves for five to 
. seven hours, and comparing the microscopical appearances. Heiden- 
hain and Lavdowsky pointed out, and it is now universally recognised, 
that even after prolonged stimulation of the chorda tympani, a certain 
number of alveoli show no signs of secretory activity; in a certain 
number of experiments this is no doubt due to a few of the chorda 
tympani fibres having separated from the lingual later than usual 
(cp. p. 1380) and so having escaped stimulation. But when this cause 
of error is eliminated by stimulating the chordo-lingual, there are 
still some alveoli which show very little modification from the resting — 
state ; after stimulation of the sympathetic only, the number of these 
is very much greater, and the extent of the change, for a corresponding 
time of stimulation, is also much less. But in the two experiments 
in which both chordo-lingual and sympathetic were stimulated for 
6 hours, all the alveoli in the sections prepared showed distinct signs 
of secretory activity, although to very different degrees. Unfortunately 
the whole of the gland was not taken, so that there is a possibility 
that the lobes from which sections were prepared did not apn 
the state of the whole gland. 
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I mention however this result here since, as far as it goes, it 
supports the view that the chorda tympani and sympathetic nerve 
fibres are in part supplied to different nerve cells. 


Pilocarpin and atropin act upon the secretory nerve endings. It 
has often been conjectured that pilocarpin and atropin exercise their 
influence upon the salivary glands by acting upon the _ peripheral 
endings of the secretory nerves. The secretion which is produced 
by pilocarpin, and stopped by atropin, might conceivably be the 
result of stimulation or paralysis of (1) the gland cells, (2) the nerve 
cells, (3) the nerve endings. | 

The argument against the first of these possible explanations is 
well known ; it is briefly as follows. If, say, 20 mg. of atropin be given 
to a dog, the chorda is paralysed in the whole of its course, stimulation © 
of the hilus produces no secretion but such as may be due to stimu- 
lation of the sympathetic fibres accompanying the artery to the gland ; 
since the sympathetic on stimulation still produces a flow of saliva, — 
it follows that atropin has not paralysed the gland cells connected 
with the sympathetic; but in this stage, the injection of any moderate 
amount of pilocarpin does not cause a secretion of saliva; hence then 
pilocarpin does not stimulate the gland cells connected with the 
sympathetic, but there is no reason to suppose that the gland cells 
connected with the sympathetic nerves are different in nature from . 
those connected with the chorda tympani; consequently we conclude 
that neither atropin nor pilocarpin (in a moderate dose) acts directly 
upon the gland cells. 

Fairly satisfactory proof that the second explanation does not hold 
is afforded by the following experiments. If a secretion be produced 
in a cat or a dog by a small dose of pilocarpin, the injection of large 
doses of nicotin does not stop the secretion, although it prevents 
stimulation of the chorda, centrally of the sub-maxillary ganglion, from 
producing any effect. And if at a time when one or more hundred 
milligrams of nicotin have been injected into a blood-vessel, and when 
further injection of nicotin produces no secretion; a small amount of 
pilocarpin, e.g. 5 to 10 mg., be similarly injected, a rapid secretion of saliva 
takes place, and this secretion is readily stopped by a small amount of 
atropin. In such an experiment the nerve cells on the course of the 
chorda tympani fibres are paralysed, the peripheral endings of the 
secretory nerves are not, so that a secretion might easily be produced 
by pilocarpin stimulating the nerve endings. It is conceivable that 
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pilocarpin might antagonize the effect of nicotin upon the nerve cells, 
but that so small an amount of pilocarpin should antagonize the effect 
of an almost indefinite amount of nicotin is extremely improbable; 
moreover if it did so, it would, judging from the analogy of its action in 
antagonizing atropin’, restore some degree of effect to the chorda 
tympani; this it does not do; the chorda remains paralysed notwith- 
standing the secretion which pilocarpin produces. 

There is another way of approaching the matter: as already men- 
tioned, nicotin does not prevent stimulation of the hilus from producing 
a secretion, atropin does: atropin, then, must act on some structure 
more peripheral than that acted upon by nicotin, since nicotin acts on 
the nerve cells, and atropin does not act on the gland cells, atropin 
must produce its paralysing effect by acting on the secretory nerve 
endings. ‘Further, since atropin does not paralyse the vaso-dilator 
fibres of the chorda tympani, and these have, as I have shown, nerve 
cells on their course, atropin does not paralyse the vaso-dilator nerve 


_ cells. Nor does it in the dog, at any rate, paralyse the secretory nerve 


cells on the course of the cervical sympathetic, nor in any animal, the 
nerve cells on the course of the pupillar and vaso-motor fibres of the 


_ cervical sympathetic. And it is, I think, in the highest degree un- 


likely that it should have so little action on these nerve cells and yet 
affect those of the sub-lingual and sub-maxillary ganglia. But the 
antagonistic action of atropin and pilocarpin shows that the structures 
in the gland affected by atropin are also affected by pilocarpin. And 
hence, apart from the more direct evidence given above, there is fair 
ground for concluding that both exert their action on the secretory 
nerve endings and not on the secretory nerve cells. 


Note on the paralytic secretion. In the earlier part of this paper 
I have tried to show that the so-called sub-maxillary ganglion is 
a ganglion on the course of nerve fibres to the sub-lingual gland, and 
that the other scattered groups of nerve cells in the chordo-lingual 
triangle are in the dog normally on sub-lingual gland fibres, and in the 
cat they are also, except for a very small number, on sub-lingual gland 
fibres. If this is the case, these nerve cells cannot exercise a trophic 
influence on any of the chorda tympani fibres which run to the sub- | 
maxillary gland of the dog, and on extremely few of the chorda tympani 
fibres which run to the sub-maxillary gland of the cat. In making 


1 This Journal, Vol. ut, p. 11, 1880. 
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some experiments on the paralytic secretion of saliva’, I found that 
three days after removal of a portion of the chorda in a cat, an 
apparently normal secretion of saliva was obtained from the sub- 
maxillary gland by stimulating the duct ; and that thirteen days after 


_ the same operation, a secretion, though distinctly less than normal, 


could be obtained by stimulating the duct*. In describing these ex- 


periments I speak of stimulating the duct near the gland, this expres- — 


sion was used for the duct just before it dips under the digastric muscle. 
The secretion obtained I attributed to the stimulation of nerve fibres 
which had not degenerated in consequence of their connection with 
nerve cells. But we have seen that comparatively few nerve cells 
occur on the course of the sub-maxillary secretory fibres before the 
duct dips under the digastric muscle. It is perhaps possible that the 
amount of secretion obtained by stimulation at this point, in the cat in 
which the chorda had been cut for thirteen days, might be accounted 
for by the presence of nerve cells above the point stimulated, but I am 
clear that this explanation is insufficient to account for the amount 
of saliva obtained in the cat in which the chorda had been cut three 
days previously. In this case the free secretion of saliva showed that 
few if any of the nerve fibres had diminished in irritability. To 
account for this it might be said that the chorda tympani fibres take 
longer than three days to show any sign of degeneration. In my 
previous paper I have stated my reasons for rejecting this view ; I need 
not repeat them here, since Bradford* has found by direct experi- 
ment that the chordo-lingual three days after section gives no secre- 
tion as being stimulated. The only explanation, then, seems to me 
to be that the degeneration of the nerve fibres takes place 
more slowly as it approaches the nerve cells. 

The slow degeneration of the peripheral part of the chorda fibres 
after section is brought out more clearly in Bradford’s*® experiments 


than in mine. He found that six days after section of the chordo- e 


lingual in the cat stimulation of chorda still gave a normal secretion. 
He, it is true, concludes from this that the so-called sub-maxillary 
ganglion is trophic for the sub-maxillary chorda fibres. In addition 


1 This Journal, Vol. v1. p. 71, 1885. 
2 In an experiment in which the chorda tympani had been cut for six weeks, I obtained 


a very slight secretion only by stimulating the duct. At the time I was inclined to 


attribute this secretion to a stimulation of the sympathetic fibres. This view seems to me 
now very questionable, and IT have very little doubt that if the hilus had been stimulated, 
a fair secretion would have been obtained. 

3 This Journal, Vol. 1x. p. 304, 1888, 
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to the reasons against this view, which I have given in the earlier 
part of this paper, I would point out that it cannot account for the 
absence of degeneration three days after removal of a portion of the 
chorda tympani in the experiment quoted above; for in this, the 
chorda was removed in its course past the ganglion and for nearly 
a third of an inch beyond it, so that all communication between the 
_ nerve and the ganglion—if such existed—was destroyed. 

The above observations apparently hold only for the cat, for 
according to Bradford’s experiments the chorda tympani fibres of the 
dog in five days, possibly in less, almost completely degenerate up to 
the hilus, 

I have shown (op. cit.) that extirpation of the superior cervical 
ganglion of the rabbit does not cause any loss of weight in the sub- 
maxillary gland, and Bradford (op. cit.) has shown that there is no 
loss of weight in the sub-maxillary and parotid glands of the cat on 
similar treatment. Since these facts have been used to support the 
theory that the sympathetic lacks a certain class of fibres which the 
chorda tympani contains—a theory which I see no reason to accept— 
I am induced to offer the explanation which seems to me probable, 
I take it, that the glands, like the skeletal muscles, are dependent for 
the proper maintenance of their condition upon their being excited, not 
too infrequently, to activity. There can be no doubt that (e.g.) the 
sub-maxillary gland is normally excited to activity to an immensely 
- greater extent by the chorda tympani in the course of twenty-four 
hours than by the sympathetic; and it seems to me reasonable to 
suppose that this excitation by the chorda tympani should alone be 
sufficient to maintain the gland in a normal state, but that the slight 
excitation which may occur when the sympathetic only is intact should 
be insufficient to do so. 


Note on the sympathetic secretory fibres to the parotid of the dog. 
I have previously suggested that the reason why stimulation of the 
sympathetic commonly causes no secretion from the parotid gland* is 
that the secretion is so thick as to plug up the ducts. In six dogs in 
which I had occasion to stimulate the cervical sympathetic, and in 
which no parotid secretion occurred, I have compared the histological 
appearances presented by the gland on the two sides. In all cases, on 
the stimulated side, many of the ductules, and here and there the 


1 This Journal, Vol. x. p. 327, 1889. 
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lumina, were distended by the secretion. In three cases this occurred 
also on the opposite side, but to a less extent. To avoid shrinking, 
and to obtain a staining of the secretion, I have used osmic acid 
vapour’ for hardening and methylene blue for staining. 


I do not propose to give a summary of the conclusions arrived at in 
this paper, but I wish to lay especial stress on the following. 

Both the secretory and vaso-dilator fibres of the chorda tympani are 
connected with nerve cells. The nerve cells on the course of the fibres 
to the sub-lingual gland are scattered over the whole of the gland, 
forming a number of small ganglia; one of these is the ganglion 
commonly called the sub-maxillary ganglion. The real sub-maxillary 
ganglion lies in the hilus of the gland, but a few nerve cells occur 
a little earlier on the chorda tympani fibres and a few a little later. 

The sympathetic fibres which run through the superior cervical 
ganglion are connected with nerve cells in this ganglion, but at no 
other place on their course from the spinal cord to their ultimate 
endings, 


"Jan, 11, 1890. 


1 Proc, Physiol, Soc., 1889, No. 1. This Journal, Vol. x. 
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ON THE RELATIONS OF DIAPHRAGMATIC AND 
COSTAL RESPIRATION, WITH PARTICULAR 
REFERENCE TO =PHONATION. By HENRY 
SEWALL, Ph.D., M.D., Professor of Physiology in the Uni- 
versity of Michigan, U.S.A, ann MYRA E. POLLARD, 
M.A. (Plate V.) 


THE object of this part of our paper is to emphasize the 
physiological relations already known to exist between the different 
groups of respiratory muscles, and to call attention to the fact that 
they are frequently simultaneously employed in the opposite phases 
of inspiration and expiration ; a class of phenomena here known as the 
“complementary movements of respiration.” . 

The respiratory: muscular machinery may, for physiological purposes, 
be divided into two separate working groups, the first including the 
numerous muscles which produce changes in the capacity of the thorax 
by direct movement of its bony framework, the second embracing sp 
diaphragm and muscles of the abdominal wall. 

The mechanical relations of the parts are such that we should 
expect to find in normal respiration no complete severance of action 
between the two groups; common observation has, however, given 
rise to the differentiation of two distinct types of breathing, “ab- 
dominal” or “ diaphragmatic,” and “ costal.” 

The latter type may be further sub-divided into, Ist, “clavicular” 
respiration, characterised by isolated lifting of the upper ribs and the 
clavicles, a mode which teachers of vocal art appear to unite in 
condemning; 2nd, a costal respiration characteristic of males, in 
which the amplitude of rib movement appears to increase from above 
downward and is probably chiefly produced by contraction of the 
external intercostals and levatores costarum ; 3rd, a costal type, most 
common in females, in which the movement is chiefly confined to 
the superior half of the chest, and which may normally involve the 
action of that great group of muscles which connect the upper ribs 
and sternum to the shoulder girdle and spinal column. 
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Experimenters have not yet made clear the physiological relation- 

ship of these various mechanisms which are so rarely used as a 
whole but all of which subserve the same general purpose in the > 
body. Looking at the question from an @ priori standpoint we 
should expect to see normal quiet respiration carried on by that 
group of muscles which with least expenditure of energy could bring 
about the introduction of the greatest amount of oxygen and the 
elimination of the greatest amount of carbon dioxide in a given 
time; the other mechanisms being chiefly reserved for special and 
excessive respiratory needs. Observation confirms the anticipation 
that the muscular apparatus used in quiet breathing is largely 
determined by the modified resistance to inspiratory expansion such 
~ as produced by tight fitting clothing or even by the posture of the 
body. 
_ Hutchinson’ studied the respiratory movements chiefly by his 
sense of touch in subjects seated and divested of clothing. He 
makes the well known classificavion of the two types of costal and 
abdominal respiration; the first is the normal quiet breathing of 
women, the latter of men. In abdominal respiration the inspiratory 
movement always commences at the diaphragm. He says, “the 
ribs and sternum nearest the abdomen gently follow this movement, 
until the motion, like a wave, is lost over the thoracic region....In 
costal breathing the upper ribs move first and the abdomen second. 
This is the ordinary breathing in women. All difficult, sudden and 
extraordinary breathing is costal; we at such times direct all our 
powers towards the apex of the thorax, first expanding that region, 
and gradually those below it. When we determine the order of 
breathing by sight we must be careful to take the position of the 
body into account. If the patient be recumbent (supine), we may 
notice extensive costal movement, and, indeed, it may be true costal 
breathing; but place the patient erect, and the breathing may be 
diaphragmatic. When recumbent all the motion is thrown forward, 
the natural lateral and backward motions of the ribs being prevented ; 
and so sensitive are the breathing movements to impediments that 
they may either take a reverse action, or, all the motion being 
thrown forward, will give a preternatural movement of the ribs, 
which may be mistaken for costal respiration.” 

Hutchinson concluded that the difference between the types 
of breathing in men and women was not due to the restraints of 

1 Art. “Thorax.” Todd and Bowman’s Cyclopedia of Anat. and Phys, 
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clothing among the latter, for he found costal breathing in young 
girls who had never worn tight fitting dress. 

Rosenthal’ quotes Boerhaave as having observed the difference 
in the types of male and female respiration in infants of one year; 
while others, as Beau and Maissiat, Walsche and Sibson attribute 
the difference to external impediments. 

But in any case it must be admitted, as Rosenthal points out, 
that costal breathing in females has become more or less firmly 
fixed by nerenity into what Darwin calls “a sexual 
character.” 

Dr Mays of Philadelphia has recently published an account of 
observations made by means of the graphical method on the respiratory 
movements of female descendants of an uncivilized race. He writes, 
“In all I examined. the movements of eighty-two (82) chests, and 
in each case took an abdominal and a costal tracing. The girls were 
partly pure and partly mixed with white blood, and their ages ranged © 
from between ten and twenty years. Thus there were thirty-three (33) 
full-blooded Indians, five (5) one-fourth, thirty-five (35) one-half, and 
two (2) were three-fourths white. Seventy-five (75) showed a decided 
abdominal type of breathing, three (3) a costal type, and three (3) 
in which both were about even. Those who showed the costal type 
or divergence from the abdominal type, came from the more civilized 
tribes, like the Mohawks and Chippewas, and were either one-half 
or three-fourths white; while in no single instance did a full-blooded 
Indian girl possess this type of breathing.” 

_ DrJ. H. Kellogg of Battle Creek, Michigan, has furnished us with 
data of unpublished observations to the same effect. Kellogg’s 
experiments were made with the aid of a Marey’s stethograph 
and a rotating cylinder. He writes, “I observed the breathing of 
20 Chinese women and the same number of Indian women and 
I found the abdominal type very marked in every case. The tracings 
given by the Chinese women were not like those of robust men, but 
were identical with those from men of sedentary habits....0f the 
Indian women, 14 were of the Yuma tribe, the most primitive 
Indians in the United States....The. majority of them still wear — 
their bark dresses, the only garment in addition to this is a long 
strip of red cloth thrown over the shoulders and folded about the 
body....The waist is not restrained in the slightest degree. In these 
women the abdominal movements were 4 to 6 times as great as the 
1 Hermann’s Hab. d. Phys. Bd. tv. Th. m. 8. 216. 
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costal movements. I examined several of the Cherokee and Chickasaw : 
women in the Indian Territory. These women had all worn civilized 


dress and some of them had worn corsets, Those who had worn 


corsets and tight dresses gave tracings like civilized women; those 
who had worn only loose dress gave normal tracings. I also found 
a few civilized women who had -never worn corsets or tight bands 
and obtained from them tracings like those from the Chinese and > 
Yuma women.” 

Mosso’ recorded simultaneously tracings from the thorax and 
abdomen of persons in the recumbent position by means of a Marey’s 
stethograph applied to the chest and a Vierordt’s sphygmograph on 
theabdomen. He found the abdominal movement relatively more promi- 


nent in the waking, and the costal movement in the sleeping state. It 


would appear from his tracings that in sleep the inspiratory movement 
of the chest considerably precedes that of the abdomen while in the 
waking state the order is reversed or the movements are simultaneous. 
Our own experiments in this connection will be described further — 
on. It should always be borne in mind that movements of the 
abdominal wall only indicate motions of the diaphragm in so far as 
these produce an uncompensated change in the volume of the 
abdominal cavity. In inspiration, for example, the increase in the 
abdominal cavity afforded by the expansion of the lower ribs may 
neutralize to a considerable extent the reduction in the volume of 
the cavity produced by contraction of the diaphragm; there would, 
in this case, be no movement of the abdominal wall to indicate the 
inspiratory motion of the diaphragm. On the other hand, the diminu- 
tion in the volume of the abdominal cavity following collapse of the 
lower ribs might balance a considerable increase of that cavity produced 
by expiratory elevation of the arch of the diaphragm. The position 
of the body probably influences, also, to a marked degree the tension 
of the resting diaphragm. A cord tied closely round the abdomen 
of a person standing upright, becgmes loose when the recumbent 
position is taken. The difference is no doubt due to the fact that 
in the one case the weight of the abdominal viscera must in part 
be borne by the abdominal wall, and in the other not. 

By the complex muscular apparatus of respiration the dimensions 
of the lungs may be changed in all directions; and though the 
ordinary respiration of one person may be of the pure abdominal type 


1 Arch. f. Anat. u. Physiol. 1878, 8. 441, 


Aas 
ry 

4 

4 

4 

% 

@ 

Me 
a 

4 

3 
a 


DIAPHRAGMATIC AND COSTAL RESPIRATION. 163 


and of another of a nearly pure costal variety, there can be no 
question but that occasionally parts which are commonly unused 
take up the motion, or that the whole apparatus is, at periods, set 
in action. While watching a person quietly breathing it will be 
observed that at irregular intervals the character of the respirations 
changes, the regular rhythm being broken by long drawn inspirations 
of a sighing nature, and these may involve the predominant action 
either of diaphragm or ribs, And in a condition of drowsiness the 
stretching yawn in which every inspiratory muscle is brought into. 
play, is most admirably adapted to renew to the fullest extent the 
air in the lungs and relieve the tissues which are suffering from an 
accumulation of wastes and a depletion of oxygen. 

A secondary but very important function of the respiratory move- 
ment is to aid in the circulation of the blood. 

. Costal inspiration exerts an aspiratory force upon the blood in 
the veins; and as changes in the volume of the thorax brought 
about in this manner are, as will be seen later, considerably greater 
than those produced by movements of the diaphragm alone, the 
suction force of the rib motion must be of correspondingly greater 
consequence. 

But the contraction of the diaphragm not only acts as an aspiratory 
power by enlarging the thoracic cavity, but by pressure upon the ab- 
dominal viscera it must have a very important function in squeezing 
the blood and lymph out of them towards the heart. From these 
considerations it would appear that under ordinary conditions, when 
so large a portion of the blood is contained in the viscera, the 
diaphragmatic type of breathing would most economically fulfill the 
needs of the body. During active muscular effort, on the contrary, 
probably a large part of the blood is transferred to the voluntary 
muscles and we would expect to find, what is, indeed, the fact, the 
costal movements magnified; for by such means not only is there 
more vigorous aspiration by the thorax, but a more voluminous renewal 
of air in the lungs. 

There is another relation of diaphragmatic respiration which 
seems to have hitherto escaped attention. We have found by 
measurements made in the dissecting room that the distance from 
the division of the bronchi to the lower, outer margins of the lungs 
is about twice as great as that from the bronchi to the lateral or 
superior border of the organs; and it is the lower, outer parts of 
the lungs which are chiefly influenced by diaphragmatic movements. 
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The tidal air drawn into the lungs by an ordinary inspiration does 
not penetrate beyond the bronchial vessels, and by no effort of the will 
can the pulmonary air be completely renewed at a single respiration. 
The movements of respiration simply serve to mix fresh air with that 
which has already remained a longer or shorter time in the lungs. It 
is probable that the diminution of oxygen and the excess of carbon 
dioxide are proportional to the distance from the division of the bronchi. 
We would suggest that, for equal quantities of air respired, diaphrag- 
matic, as compared with costal, respiration better subserves the physiolo- 
gical purposes of the act. For, in the former case, the chief movement 
of the lungs is in those parts furthest removed from the exterior and by 
this means there is provided the renewal of that air which is presumably 
richest in carbon dioxide and poorest in oxygen. Moreover,a current of 
air set in motion by expansion and contraction at the bottom of the 
lungs must cause a tolerably complete gaseous mixture in the air vessels 
of superior portions, even though these themselves do not perceptibly 
share in the respiratory movements, From the considerations that have 
been presented it would appear that easy diaphragmatic respiration has 
peculiar value not only in assisting mechanically the circulation of the 
blood but in causing in the most perfect manner possible the mixture of 
fresh with foul air; and it should be borne in mind that the function of 
respiratory movement is simply to bring about this mechanical mixture. 

In his classical studies on respiration Hutchinson made no 
attempt to discover the relative vital capacity of the lungs determined 
by isolated movements of a diaphragm and ribs respectively. Since 
teachers of the vocal art not infrequently make the positive state- 
ment that a greater volume of air can be drawn into the lungs by a 
diaphragmatic than by a costal inspiration, the matter seemed at least 
worth an experimental test. One of us’ accordingly made a long series 
of observations by means of the spirometer with the view of testing, as 
far as possible, all the volumetric relations of diaphragmatic and costal 
respiration. Similar observations were afterwards made upon a number 
of adult male students with like results. After some practice, full 
respiratory movements with cither ribs or diaphragm can be made 
without sensible confusion of the two actions. Each figure in the 
following table represents the average of from 20 to more than 100 
separate observations extending over a period of about 8 days. 

In the first set of experiments the fullest possible inspiration was 
taken and then the air was expelled as completely as — by 

1 Miss Pollard, 
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isolated contraction of the abdominal or expiratory chest muscles 
respectively. In the second set the full inspiration was taken only by 


Dis- | ibs. |astermined by 
phragm. diaphragm 
and ribs. 


L ratory movement of diaphragm or 1590 2087 3677 


tibs alone after full inspiration by 
all the muscles. 


Vital capacity determined by using 


IT 


7 capacity determined by expi- 
either diaphragm or ribs alone in| 1341 | 2139 3480 


both inspiration and expiration. 


- ( Amount of air expelled in a natural 
expiratory movement of either dia- 

III. | phragm or ribs after « fall ral | 741 1168 1909 

inspiration. 


nary way, i.e. by one full inspiration 2500—3000 
and expiration with all the muscles. 


< capacity measured in the ordi- 
IV. 


the diaphragm the chest remaining at rest, or the reverse, and the 
amount of air so inspired was fully expelled by the single set of muscles, 
and measured. In the third series after a full inspiration by all the — 
muscles it was attempted to measure the amount of air expelled by a 
gentle and natural expiratory relaxation of one set of them, either 
those of the ribs or the diaphragm; the difficulty of limiting the outflow 
of breath to the phase of ordinary expiration, however, invalidates the 
accuracy of the observations under this head. 

The average full vital capacity, as generally understood, is represen - 
ted in the last line, IV, of the table. All volumetric measurements are 
expressed in cub. cm. 

The figures given leave no room for doubt that the vital capacity as 
determined by costal is much in excess of that determined by diaphrag- 
matic respiration ; and this result agrees with the fact that breathing is 
always of the costal type when the respiratory needs of the body are 
unusually urgent. It will be noted also, as would have been expected 
from the anatomy of the parts, that the sum of the vital capacities 
determined by movement of ribs and diaphragm separately is consider- 
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ably in excess of that which measures the extent of the simultaneous 
action of all the muscles, ) 

Attention has already been called to the fact that the character and 
rhythm of the respiratory movements do not for long periods continue 
unchanged in the same individual; it has been pointed out that these 
changes of movement have definite physiological value in renewing the 
air in those parts of the lungs where it is most needed, but there is no 
experimental evidence as to the cause of such variations of rhythm and 
character of movement. In this connection may be quoted the work of 
Hering and Breuer’ in which it was made probable that the 
discharges from the respiratory centres are determined, both as to 
rhythm and character, by afferent impulses proceeding to them from the 
lungs along the vagi nerves. According to these observers it is probably 
_ the state of mechanical distension of the lungs which determines the 
excitement of the inspiratory or expiratory centre respectively. There 
is reason to believe that what seems true for the whole lung will hold 
for any part of it, and that separate afferent impulses proceed from the 
various pulmonary areas and provide in an automatic manner that no 
part shall long remain quiescent. 

There is a type of respiratory movement which seems nowhere to 
have received special attention but which a study of respiration both 
in man and the lower vertebrates shows to be very important. As 
has been already insisted the air in the breathing apparatus increases 
in its content of carbon dioxide and loses oxygen progressively from 
the external orifice to the lung alveoli, and the movements of respi- 
ration, so far as concerns the demands of the body, simply cause a 


more complete mixture of gases already in the lungs. It is easily © 


seen that if the glottis be closed and such respiratory movements 
be made as to stir together the gases already contained in the 
air cavities, the physiological result will be the same as that of 
genuine respiration with open glottis. The respiratory needs of the 
body may be thus fairly well satisfied for a considerable time without 
inhaling fresh air. This hypothesis was confirmed by the following 
experiments: after a full inspiration the breath was held as long as 
possible without muscular movement and the duration of this period 
noted. The observation was then repeated, with the difference that 
when distress for want of air became urgent the patient voluntarily set 
up alternate movements of chest and diaphragm, causing the ribs to 
collapse as the abdomen protruded, and vice versa. By this second 
1 Wiener Sitzbericht, Nov. 1868, | 
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method the breath could be held very much longer, sometimes nearly 
_ twice as long without respiring, than by the first method. We will refer 
to such simultaneous inspiratory and expiratory actions of the two sets — 
of respiratory muscles as the “complementary movements of respiration ;” 
and would include under that term all those varied actions of the 
_ respiratory mechanism by which the internal mixture of air is furthered 
without the advent of fresh air from without. The essential character 
of such movements has long been known but their importance seems 
never to have been fully recognized. A swimmer under water when in 
need of air often alternately puffs out and relaxes his cheeks; the result 
is essentially the same as that from the complementary movements of 
chest and diaphragm. When a person inspires and holds the breath as 
long as possible, rhythmic, involuntary complementary movements of 
ribs and diaphragm. set in as the first sign of distress, and increase in 
violence as the suspension is continued. It is easy to conceive that 
semi-aquatic mammals should owe their power of remaining under 
water for long intervals to a highly developed capacity for such 
complementary movements, and it would seem that there are few 
powers more likely to be preserved by natural selection. 

It is certainly a significant fact that after the deepest possible 
inspiration the abdomen is always depressed, and a very considerable 
change in the shape of the lungs, and therefore mixture of the 
contained air, can be brought about by easy compression of the ribs 
with simultaneous protrusion of the abdominal wall. The inspiratory 
retraction of the latter is due to the enlargement of the abdominal 
cavity caused by spreading of the lower ribs; whether there is coin- 
cident relaxation of the diaphragm is an interesting but unsolved 
question. 

Graphical tracings taken simultaneously from chest and abdomen 
do not ordinarily manifest that alternation in phase of rib and dia- 
phragm action which constitutes the complementary movements of 
respiration. In tracings taken by us, in a manner to be described later 
on, the movements are seen occasionally; and in those taken by 
Mosso’ from persons in deep sleep inspiration begins with an elevation 
of the chest and is accompanied during nearly half the full period of 
inspiration by a retraction of the abdominal wall, which latter then 
begins its inspiratory protrusion. 

A most interesting field of investigation is presented by the associa- 
tions of the muscular movements involved in the various involuntary 
1 Mosso, loc. cit. 
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ably in excess of that which measures the extent of the simultaneous 
action of all the muscles, 

Attention has already been called to the fact that the character and 
rhythm of the respiratory movements do not for long periods continue 
unchanged in the same individual; it has been pointed out that these 
changes of movement have definite physiological value in renewing the 
air in those parts of the lungs where it is most needed, but there is no 
experimental evidence as to the cause of such variations of rhythm and 
character of movement. In this connection may be quoted the work of 
Hering and Breuer’ in which it was made probable that the 
discharges from the respiratory centres are determined, both as to 
rhythm and character, by afferent impulses proceeding to them from the 
lungs along the vagi nerves. According to these observers it is probably 
the state of mechanical distension of the lungs which determines the 
excitement of the inspiratory or expiratory centre respectively. There 
is reason to believe that what seems true for the whole lung will hold 
for any part of it, and that separate afferent impulses proceed from the 
various pulmonary areas and provide in an automatic manner that Do 
part shall long remain quiescent. 

There is a type of respiratory movement which seems nowhere to 
have received special attention but which a study of respiration both 
in man and the lower vertebrates shows to be very important. As 
has been already insisted the air in the breathing apparatus increases 
in its content of carbon dioxide and loses oxygen progressively from 
the external orifice to the lung alveoli, and the movements of respi- 
ration, so far as concerns the demands of the body, simply cause a 
more complete mixture of gases already in the lungs. It is easily — 
seen that if the glottis be closed and such respiratory movements 
be made as to stir together the gases already contained in the 
air cavities, the physiological result will be the same as that of 
genuine respiration with open glottis. The respiratory needs of the 
body may be thus fairly well satisfied for a considerable time without 
inhaling fresh air. This hypothesis was confirmed by the following 
experiments: after a full inspiration the breath was held as long as 
possible without muscular movement and the duration of this period 
noted. The observation was then repeated, with the difference that 
when distress for want of air became urgent the patient voluntarily set 
up alternate movements of chest and diaphragm, causing the ribs to 
collapse as the abdomen protruded, and vice versa. By this second 

1 Wiener Sitzbericht, Nov. 1868, | 
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method the breath could be held very much longer, sometimes nearly 
twice as long without respiring, than by the first method. We will refer 
to such simultaneous inspiratory and expiratory actions of the two sets 
of respiratory muscles:as the “complementary movements of respiration ;” 
and would include under that term all those varied actions of the 
respiratory mechanism by which the internal mixture of air is furthered 
without the advent of fresh air from without. The essential character 
of such movements has long been known but their importance seems 
never to have been fully recognized. A swimmer under water when in 
need of air often alternately puffs out and relaxes his cheeks; the result — 
is essentially the same as that from the complementary movements of 
chest and diaphragm. When a person inspires and holds the breath as 
long as possible, rhythmic, involuntary complementary movements of 
ribs and diaphragm set in as the first sign of distress, and increase in 
violence as the suspension is continued. It is easy to conceive that 
semi-aquatic mammals should owe their power of remaining under 
water for long intervals to a highly developed capacity for such 
complementary movements, and it would seem that there are few 
powers more likely to be preserved by natural selection. 
It is certainly a significant fact that after the deepest possible 
inspiration the abdomen is always depressed, and a very considerable 
change in the shape of the lungs, and therefore mixture of the 
contained air, can be brought about by easy compression of the ribs 
with simultaneous protrusion of the abdominal wall. The inspiratory 
retraction of the latter is due to the enlargement of the abdominal 
cavity caused by spreading of the lower ribs; whether there is coin- 
cident relaxation of the diaphragm is an interesting but unsolved 
question. 

Graphical tracings taken simultaneously from chest and abdomen 
‘do not ordinarily manifest that alternation in phase of rib and dia- 
phragm action which constitutes the complementary movements of 
respiration. In tracings taken by us, in a manner to be described later 
on, the movements are seen occasionally; and in those taken by 
Mosso’ from persons in deep sleep inspiration begins with an elevation 
of the chest and is accompanied during nearly half the full period of 
inspiration by a retraction of the abdominal wall, which latter then 
begins its inspiratory protrusion. 

A most interesting field of investigation is presented by the associa- 
tions of the muscular movements involved in the various involuntary 
1 Mosso, loc. cit. 
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modified respiratory actions known as coughing, sighing, sobbing, &c. 
In some varieties of laughter the complementary movements of respira- 
tion are rapid, extensive and powerful. A laugh may be chiefly either 
costal or diaphragmatic in character, and the respiratory phases of the 
muscular action of ribs and diaphragm may either be the same or 
opposite in direction. Laughter is notoriously “good for the digestion;” 
and the physiological reason is plain when we consider the active 
kneading of the lungs and ‘stirring up of the air in them involved in 
these easily accomplished complementary movements. 

Respiratory actions having the same physiological value and of 
analogous character are apparently wide-spread among vertebrated 
animals, Motions of the breathing apparatus whose meaning is 
otherwise obscure are often easily understood if considered as pro- 
visions for mixing the gases already contained in the lungs. To 
illustrate by a definite example, the respiratory movements in the 
frog have been clearly demonstrated by Martin’ and others to consist 
of two distinct series. In the one oscillations of great amplitude 
and slow rhythm involve nearly synchronously both the throat and 
flanks of the animal. At a certain phase of this period the larynx is 
raised, the glottis opened and air is expelled from and taken into the 
lungs. But interpolated between these movements which bring about — 
renewal of air, are others of less amplitude and quicker rhythm involving 
likewise both throat and flank muscles. If a frog’s skull be amputated 
anterior to the optic lobes it will be seen that the glottis is not opened 
during the smaller throat movements, but the larynx is nevertheless 
slightly raised at each throat retraction and at the same time the flanks 
slightly contract. This latter movement is passive on the part of the 
flank muscles, for if they be cut away the lung will be seen to start 
forwards at- each elevation of the larynx. These gentle churning 
movements of the lungs produced by the minor movements of the 
hyoidean apparatus in which the glottis remains closed must be of 
definite physiological value in causing a more rapid mixture of the air 
contained in the lungs than could be brought about by simple diffusion. 
While the respiratory movements of the frog are carried out largely by 
the swallowing apparatus and are thus apparently distinct from those 
of the mammal, the close functional relationship between the centres 
of deglutition and respiration has been pointed out by Steiner; and 
Garland* showed that in the dog there is a pharyngeal respiration 


1 This Journal, Vol. 1. 
2 This Journal, Vol. 1. p. 82. 
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whose movements are rhythmic with those of the chest; pharyngeal 
contractions and expansions corresponding with the phases of inspira- 
tion and expiration respectively. There is also in the human being 
some relation between the two mechanisms which makes a swallowing 
movement the necessary culmination of a deep and satisfactory in- 
spiration. 

if a study of physiological function can disclose any evidence on the 
ancestral relationships of animals, there would seem to be no more 
fruitful field than that of the comparative physiology of the minor 
respiratory movements. 


IT. 


The chief object of this part of our paper is to show that the 
so-called complementary movements of respiration have, both from a 
physiological and an artistic point of view, an important relation to 
vocalization. | | 

The management of the breathing apparatus in vocalization, either 
in the use of the singing or the speaking voice, is evidently of the 
highest importance both from an artistic and a hygienic point of view. 
The value of this subject is generally admitted by teachers of vocal 
culture who inculcate a more or less definite system of rules for 
breathing according to their individual notions of the proper method. 
But there is little unanimity in the dicta of the various schools, and 
a sound physiological basis for the teaching is evidently generally 
wanting. 

Vocalization is an unessential attribute of the respiratory apparatus, 
and it may be taken for granted that only such methods of the art are 
right or natural which least interfere with, if they do not actually aid, 
the fundamental respiratory function. From some of the preceding 
considerations it would appear that, other things being equal, phonation 
with diaphragmatic breathing, in which the abdominal muscles are used 
as the expelling force, would most economically subserve the physiolo- 
logical needs of the body; for by such means moderate effort probably 
causes a more complete renewal of air in the lungs than does the costal 
movement and, moreover, there is no reason for supposing that the 
chemical constitution of the expired air influences its sound producing 
qualities. | 

There is foundation for the belief that it is by no means indifferent 
for the welfare of the lungs whether powerful movements are impressed 
upon them from the diaphragm or the ribs. One who is afflicted with 
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a sensitive pulmonary apparatus has frequent occasion to distinguish 
between a painless abdominal and a painful costal cough. . 
In phonation, however, we have to consider not only the muscular 
actions which most economically fulfill the functions of respiration, but 
those, if such there be, which impress the thorax in a manner to 
augment or modify the vocal effects produced by vibration of the 
laryngeal apparatus. The power and quality of a voice depend not so 
much on the mere trembling of the vocal reeds as on the sympathetic 
vibration of the air in the resonance chambers above and below the 
larynx. A blast of air driven through an isolated larynx could no more 
produce the normal voice than the vibrating violin string removed 
from its box could give the note it sounds when bound in its natural 
position. Helmholtz’ clearly demonstrated that the difference in 
quality of tones having the same pitch depends upon the nature and 
relative power of the various upper partials which accompany the 
fundamental in every musical tone. He showed that the difference 
in tone quality constituting the various vowel sounds in the human 
speech depends upon the change in the selective resonance of the oral 


and nasal chambers determined by their shape, size and degree of 


intercommunication. Mills* is even of the opinion that the pitch as 
well as the quality of the laryngeal sound may be modified by the 
upper resonance cavities. 

Comparatively little attention, however, has been paid to the 
function of the thorax as a resonance chamber in virtue of which it 
may modify the power or quality of the sounds produced by vibration 
of the vocal cords. — 

The following observations are offered as a preliminary contribution 
to this subject, and the results appear to us to point out a line of 
scientific enquiry which may lead to conclusions of no small value to 
vocal art. 

It is generally admitted that the chest by virtue of the condensation 
of air within it during phonation responds with more powerful resonance 
to the sounds emitted by the larynx than do the cavities above that 
organ. But, so far as we know, no attempt has been made to show 
that there is in the chest a power, so to speak, of selective resonance 
analogous to that manifested by the oral and nasal chambers in 
determining the sound qualities of the ditferent vowels; much less have 


1 Tonempfindungen. 
2 This Journal, Vol. tv. p. 133, 
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we any definite information as to the management of the chest best 
adapted to bring out its various powers of resonance. 

From physical considerations we should expect that the perfection 
of resonance in the chest would vary with the tension of the bounding 
walls, and that its fundamental note and overtones would be altered by 
change i in size and shape of the cavity, with the accompanying variation 
in the contained air channels. The results of experiments undertaken 
with a view of testing this point respond decidedly in the affirmative. 

The attention of one of us was first directed to this point by 
observing that in singing the musical scale the ascent was made more 
easily and with a purer, more brilliant tone when the sound producing 
air-current was driven by the contraction of the abdominal muscles, but 
with a simultaneous movement of the upper chest of an inspiratory 
character. 

On the contrary, in descending the scale a lower note could be 
reached when the chest muscles were used as a driving force and the 
diaphragm was progressively depressed. The experiment was varied | 
in the following way. The voice was sounded in unison with the 
ordinary musical ¢c fork under two conditions; in the first case the chest 
was held expanded throughout, the air being expelled by the abdominal 
muscles ; in the second the abdomen was kept protruded during the 
vocal effort, the chest muscles acting as the driving force. 

The difference in the quality of the two notes was quite perceptible, 
In the former case the note sounded clearer and more brilliant, in the 
latter it appeared to be flattened. This result is readily explained if 
we suppose that with decrease in its vertical and increase in its 
transverse diameter the chest cavity so changes in its resonant 
properties that its fundamental note is elevated, while with diminution 
of its transverse section and increase of the vertical dimension the 
proper note of the chamber is lowered. A further experiment gave 
evidence in favor of this explanation. A stick, about 4 feet long by 
2 inches square, of seasoned wood was laid across the back of a person 
at about the origin of the 5th rib and held in position by his leaning 
against one side of an open doorway. The ends of a thin wire were 
made fast to the stick on either side of, and without touching, the body. 
From the middle of this wire another similar one was led off over a 
pulley screwed in the opposite side of the doorway and was kept 
stretched by a weight suspended from its free end. The apparatus 
being adjusted, the observed person standing with back pressed against 
the doorway, the weighted string was plucked. It was expected that 
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the note of the vibrating string would be modified by the resonance of 
the thorax which was in close contact with the stick to which the wire 
was attached. The wire was plucked under two different conditions; | 
first, while the observed person held: chest expanded and abdomen 
depressed; second, while the chest was collapsed and abdomen 
distended. The musical note produced was markedly different in the 
two cases. In the first instance it seemed to be made up both of 
higher overtones and a higher fundamental than in the second; but as 
no analysis of the tone was made, it is better to describe it simply as of 
higher quality in the’ first case than in the second. 

Admitting, then, that the form of the thoracic cavity determines the 
pitch of its fundamental note, and knowing that changes in this form 
are under control of the will, we may reasonably expect that observations 
on this subject, together with such as have preceded, may form a basis 
for a set of practical rules for such management of the respiratory 
apparatus in phonation as shall at once both best subserve the 
physiological needs of the body and answer the demands of the 
cultivated ear. It would be expected that, as regards the shape of 
the thorax, the best conditions for voice formation would be those in 
which the sympathetic vibration of the air in the lungs most nearly 
harmonizes with the vibration of the vocal cords. Superadded to this 
artistic advantage there is reason to suppose a physiological value under 
the same conditions ; for it is probable that less exertion is required on 
the part of the nerve-muscle apparatus concerned in adjusting the vocal 
cords for the production and maintenance of any note when the 
resonance chamber whose sympathetic vibration gives volume to the 
voice is most nearly in unison with the note given out by the cords. 
The greater ease with which any musical note may be sustained when 
sung in a room having strong sympathetic resonance, is a matter of 
common observation. 

After these considerations which were based partly on theoretical 
and partly on experimental grounds, it was sought to determine by 


actual observation the exact changes in the form of the thorax during 


the utterance of sounds of varied pitch and loudness. In these 
experiments simultaneous graphical records were madé of movements 
of the upper chest, lower chest and abdomen. 

The abdominal tracings were obtained from a Marey’s stethograph 
whose steel plate was usually applied just superior to the umbilicus. 
The strings fastening the stethograph to the body were not passed 
directly round the person, for in such a case movements of the lower 
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ribs are more or less confused with those of the abdomen in the 
tracings. The strings were made fast to a stick laid across the small 
of the back, or below it, and as they did not touch the person, 
abdominal movements only could be impressed upon the instrument. 
The stethograph communicated by a rubber tube with a Marey’s 


tambour writing in the usual way upon a rotating cylinder. The ‘ 


pneumograph employed upon the chest gave results quite similar to 
those obtained from the former, but were of a modified form determined 
by a desire for economy of time and expense in construction. | 

The instrument (Plate V. Fig. 1) was made of two pieces of board 4 inch 
thick and of the dimensions 24 x 23 and 24 x 2} inches, respectively in 
area. The pieces were connected together by a hinge along one edge, 
and in the opposite edge of the larger piece a pair of eyelets were 
screwed for the attachment of a string by which the instrument could 
be suspended from the neck. A large sized stiff rubber tube about 4 
inch in bore and 5 inches long, plugged at one end and ending in a 
tapering, open glass tube at the other, was placed crosswise between the 
hinged boards, the larger of which, when in position, lay against the 
chest wall, while to the lateral edges of the smaller one were fastened 
hooks for the attachment of a cord passing round the body of the 
observed person. At every inspiratory movement the two boards 


would be approximated and squeeze the included rubber tube, while. 


at expiration the elasticity of the tube would separate the boards to 
their original position. The open end of the rubber tube was connected 
in the usual way with a recording tambour which, however, was inverted 
on its upright support so as to give tracings homologous with those 
obtained from Marey’s stethograph. scents in the curves represent 
depressions of chest or abdomen, and therefore expiratory movements, 
while descents in the curves were produced by elevations of the body 
surface, or inspiratory movements. 

Both pneumographs were placed on the sternum, one at about the 
level of the 4th and the other at that of the 8th rib. The three 
tambours and under them a time-marking seconds pen were made to 
write in the same vertical line upon the cylinder surface. The 
displacement of the tracing from the true vertical due to the circular 
movement of the lever point introduced no important error unless the 
arcs described by the various levers were of very different amplitude. 

Eighteen university teachers and students, including’ four ladies, 
were made the subjects of observation. Pains were taken to insure 
that the clothing worn during the experiments should offer no impedi-— 
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ment to the respiratory movements. All the persons experimented on 
were singers, most of them with but a slight amount of training, and 
two were professional elocutionists. Only one of the number was at all 
informed of the hypothesis to be investigated. 

While the person observed stood ‘erect, breathing quietly, a series of 
respiratory tracings was taken. The movements of inspiration seemed ie 
to begin either simultaneously alony the whole front of the body or to 1 
flow like a wave from the upper ribs downward; the latter order of 
sequence was the more common; but even in this case the extreme 
inspiratory expansion was reached at about the same moment by each 
part observed, and the expiratory relaxations were usually simultaneous. 

Comparative tracings taken from two individuals in the three 
positions of standing, sitting and lying on the back, show that in the , 
latter case the beginning of the inspiratory movement at the abdomen 
was proportionately later than at the upper chest. : 

The first effort on the part of the observed person was to sing on 
the same syllable, and more or less discretely, the musical scale through 
an octave, up and down, usually taking breath between the ascent and 

descent. 

The lowest note struck was commonly the middle c of the piano, 
though various other ranges of the scale were also voiced. But the 
most significant results were obtained from those rapid and continuous 
changes of pitch necessary in “slurring” the octave. In this method 
the voice, after slightly dwelling on the initial note of the octave, 
rapidly and smoothly glides over the remaining ones. The “slur” may : 
occur either in the ascent or descent of the scale, and has here the z 
value of bringing into immediate contrast the positions which the chest S 
assumes in sounding notes of different pitch. Again, when sounding a q 
note either in the lower or upper part of the compass, it was sought to 
determine the muscular movements employed in suddenly strengthening 
the sound without change of pitch. The seconds pen was struck by the 
finger of the experimenter at definite periods in the observations, so 
that voice movements could afterwards be identified with characters in 

the tracings. 

In simply singing the scale, whether up or down, there was usually 
steady, simultaneous expiratory movement of both chest and abdomen. 4 
But in four of the persons examined, including three females and a 
trained male elocutionist, the abdominal muscles acted as the principal 
expelling force while, during the ascent of the scale, the chest either 
remained fixed in a variable state of expansion, or continued to expand 
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throughout the voicing, or expanded during part of that time, usually 
the latter part. In descending the scale chest expansion occurred 
during the emission of the highest notes and then contraction followed. 
About three seconds was the time usually occupied in ascending or 
descending the octave, and in the former case gradual expansion of the 
- chest sometimes continued throughout that interval. There was a 
general, but by no means constant, parallelism between the upper 
and lower chest tracings; but these in turn were quite distinct from 
those of the abdomen whose movements during phonation were steadily 
expiratory. 

The most significant tracings, however, were, as stated above, those 
_ obtained when the musical pitch was suddenly changed as in gliding 
or slurring over the notes of the gamut. Though there is considerable 
individuality in tracings taken from different persons, and some 
variation in the character of those from the same person, from the 
tabulation of a great many observations the following conclusions may 
be drawn. In the ascending glide, in which the first note is slightly 
prolonged, the succeeding ones very rapidly emitted and the last note 
held, there is throughout the voicing a marked expiratory movement of 
the abdomen which becomes more abrupt or rapid with the more 
sudden elevations of pitch. During the time while the lowest note 
of the octave is held the diaphragm may ascend very gently, or even 
remain in inspiration, the air being expelled by contraction of the chest 
muscles. The movements of the chest are strikingly different. While 
the pitch of the voice is rising the chest usually moves throughout with 
inspiratory expansion, contraction only occurring as the upper note is 
continuously held. 

In descending the scale in the same fashion the tracings are 
different. The abdomen begins actively to contract at the first sound, 
but as the pitch suddenly falls, the abdomen either actually protrudes 
as in inspiration, or remains, as is more usual, either nearly or completely 
stationary while increase in chest contraction makes up for this loss of 
motion. In descending the scale during emission of the highest note 
the chest may move in an inspiratory manner, or it may slightly 
contract, but it usually remains simply expanded; as the pitch is 
suddenly lowered the chest uniformly contracts. Thus the movements 
of chest and diaphragm are largely complementary, that is, are 
simultaneously in opposite respiratory phases. During rapid elevation 
of pitch the chest expands while the abdominal muscles are contracting ; 
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and when the pitch is lowered the chest contracts while the abdomen is 
more or less positively protruded. 

The general results just described representing the actual movements 
of the respiratory apparatus for variations of vocal pitch, agree remark- 
ably well with the working hypothesis with which we started ; namely, 
that increase in the transverse section of the thorax and decrease in its 
vertical diameter elevate the pitch of its fundamental note, while the 
reverse conditions lower it; and there seems to be on the part of 


- vocalists an unconscious effort to adjust the thorax in such a manner as 


to secure the best physical conditions for sound production. 

Plate V. Figs. 2—4 are examples of the more characteristic tracings 
obtained by us in illustration of these points. 

The upper curve in each figure represents the movements of the 
upper part of the chest, the middle curve those of the lower part, 
while the third and last curve was produced by the movements of 


- the abdominal wall. The tracing of the seconds marker is at the 


bottom of each figure. The parallel vertical lines drawn through 
the tracings show the phases of respiratory movement occupying the 
chest and abdomen at the same moment. The tracings are all to 
be read from left to right. The tracings were taken from two adult 
male students who stood upright while under observation. Movements 
of inspiration and expiration are represented respectively by descents 
and ascents in the tracings. Figs. 2 and 4 were from the same 
individual in whom the costal movements were very pronounced, 
while in him from whom (Plate V. fig. 3) was obtained the abdominal 
movements were proportionately greater. In fig. 2, at a certain signal, 
the observed person sounded a musical note (g) and rapidly ascended the 
scale from that point. At a second signal the high note was struck first 
and then the scale descended with a slur to the original starting point. 
a on the tracing represents the moment when the lower note 
was first sounded, and b the instant at which the highest note was 
just reached. The note was always held a variable time after it had 
been reached and in fig. 4 represents the moment at which voicing 
ceased. d indicates the beginning of the descent of the scale and e 


_ its culmination. It is seen that in ascending the scale the ribs are 


the air expelling mechanism during emission of the slightly held 
lower note while during the rapid glide upwards the abdominal 
muscles are the driving power while the chest actually makes a 
movement of inspiration. In descending the scale, on the other 
hand, the quick downward glide owes its voice power to the rib 
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movement while the abdominal wall: remains stationary, if it do not 
actually protrude. About the same explanations apply to figs. 3 
and 4; in the former the inspiratory movement of the chest i in the 
ascending glide is unusually well marked. 

It is interesting to observe that, as shewn in the tracings, at the 
end of a period of voicing of whatever sort there succeeds a longer 


or shorter interval of physiological apnosa in which the respiratory 


mechanism is at rest in the phase of expiration. 

From a physiological point of view it is important to observe 
that the elevation of the chest during abdominal contraction which 
we have found to occur so frequently in that voice production — 
requiring the greatest muscular effort, is a real movement of costal 
inspiration, although the air was supplied from below rather than 
from above. Of like nature is the less usual reverse condition in 
which the diaphragm descends while the chest contracts. 

Such movements must cause a more or less active mixture of 
gases in the lungs, notwithstanding the continuous expulsion of 
vocalized air, and they fall strictly within the class of so-called 
complementary movements of respiration discussed above. 

Such a provision for gaseous mixture within the lungs during 
phonation cannot be physiologically unimportant, and the period 
of respiratory rest described above as following any vigorous vocal 
effort is significant as indicating that such exercise has satisfied to 
an unusual degree the respiratory needs of the body. 

It was also attempted to determine the modifications of muscular 
movement accompanying simple increase of force in sounding a note 
without change of pitch; but no useful conclusion could be drawn from 
the results. 
| Turning now from the singing to the speaking voice, it is a 

question of the highest interest whether the complementary movements 
of chest and diaphragm naturally keep up their varying play with 
the ever changing accents of speech. 

We were able to enter but a little way into this broad field, 
though a single series of observations made upon Professor Trueblood, 
a trained elocutionist, gave a decided confirmation of the results already 
described in connection with the singing voice. The speaker had no 
knowledge of the hypothesis to be tested, but answered our request 
by repeating in as natural a manner as possible the sentence “I 
deff him.” The syllable “-fy” was the only one emphasized and 
that with a markedly rising accent, except during the latter part 
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where the sound died away on the descending scale. The marking 
pen was depressed on the cylinder at the three points corresponding 
with the utterance of “I,” “fy” and “him.” It was clear that the 
vocalized air was propelled chiefly by contraction of the abdominal . 
muscles, this being particularly vigorous during production of the ; ( ‘ 
emphatic syllable. The movements of the chest were of less amplitude By $ 
but were likewise expiratory with the significant exception that there 4 eae 
was a considerable and sudden inspiration of the chest at the utterance 2 
of the syllable with the rising accent. 
Other experiments in which the emphasis was changed without ; saree 

alteration in accent gave results which strengthened the belief that d 

it is chiefly or only accent which is associated with the peculiar | ‘ 
complementary movements of chest and diaphragm. 7 | 

The foregoing experiments are offered simply as preliminary 

observations on the little studied relations between the science 
and art of vocalization. The general conclusion to be drawn from 
these considerations seems to be that, while the main volume of 
the vocal blast is properly supplied by the steady sweep of diaphragm 
and abdominal muscles, the accent which gives life to song and speech 
is accompanied and supported by a characteristic play of chest and 
diaphragm in which the rapid changes of the fundamental note of 
the great thoracic resonator adjust it anew for every note sent out 
from the vocal cords, 


DESORIPTION OF FIGURES. PLATE V. 


_ Fig. 1 represents the form of pneumograph employed on the chest. a vr Ke a 
is the wooden -plate applied to the chest. ¢, the eyelets for attachment of the q a 
cord by which the instrument is suspended round the neck. 6 is the wooden Wa 
plate hinged to a, d, one of the hooks for fastening the cord round the body. _ We fe 
c, the rubber tube whose compression affects the tambour through the trans- Tr ae, 
mitting tube g. 4 

Figs, 2, 3 and 4. For description see p. 176. 
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PLETHYSMOGRAPHIC STUDIES OF THE HUMAN 
VASO-MOTOR MECHANISM WHEN EXCITED BY 
ELECTRICAL STIMULATION. BY HENRY SEWALL, 
- Ph.D., M-D., Professor of Physiology in the University of Michigan 
U.S.A., AND ELMER SANFORD, BS., Assistant in the Physto- 


logical Laboratory’. (Plates VI. VIL) 


CONSIDERING the widespread application of electricity in medicine 
it is astonishing that so little attempt has been. made to investigate 


with exactness the reactions between the human vaso-motor system _ 


and various forms of electrical current. From the lower animals, placed 
under conditions which -it is impossible to imitate in human subjects, 
nearly all our knowledge of the vascular functions has been gained, while 
electro-therapeutic science and practice, as regards the vaso-motor 
_ system, is based on crude empiricism. 

It was the object of the present investigation to determine the 
effect of electrical stimulation upon the blood vessels by measuring the 
changes in volume of the organ supplied by them. In one set of 
observations the finger was the organ studied, the electrical stimuli 
being applied directly, always by the “unipolar method,” to its surface ; 
in the other series the variation in the volume of the fore-arm was 
recorded, the stimulating current being applied to the ulnar nerve at 
the elbow. Throughout our work the current intensity employed was 
nearly always below that which would provoke contraction of the 
skeletal muscles or produce very painful sensations. 

The fundamental law governing the electrical irritation of motor 
nerves was announced by du Bois Reymond’, namely, that it is not 
the absolute density of a current traversing a nerve at any moment 
which excites contraction in the attached muscle, but the variation in 
density from one moment to another. 

Of the best known forms of irritable tissue, nerve, striated and non- 
striated muscle, each reacts more readily toward one particular form of 


1 Since this work was finished the death of Sanford has closed a career of unusual 
promise. H. 8. 
2 Untersuch. ii. thierisch. Elektricitét. Bd. 1, 8. 258. | 
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_ electrical current, that is, toward some special rate of intensity variation, 
than toward any other. Du Bois’ law may therefore be generalized and 
applied, with certain exceptions, to the behaviour of all irritable tissues _ 
towards electricity. 

Accordingly it was a principal object in our investigations to use as 
vaso-motor stimuli electrical currents of very different character as 
regards their rate of intensity change, and thus, if possible, selectively 
excite the various anatomical factors of the vaso-motor mechanism. 

The important contributions of Bowditch and Warren’ and of 
Ellis* have shewn that the vascular changes brought about by the 
stimulation with induction shocks of peripheral cut nerves in curarised 
animals are very largely determined as to their character, whether of 
dilatation or contraction, by two variables, namely, the intensity and 
the rate of the stimulation. 

It was our duty to see whether any such relation holds as regards 
methods of stimulation applicable in the human subject. 

Finally, it was obviously of importance to distinguish the difference, 
if such there be, between the physiological effects of the two electrical 
poles, anode and cathode. 

Our queries may be summarized in the bolhinaine manner; When 
electricity is applied to the skin of the finger or to the ulnar nerve at 
the elbow, what is the effect upon the volume of the finger or of the 
fore-arm, respectively, of the following conditions ? 

1. Stimulation with different forms of current, as the eandio, 
continuous galvanic, galvanic of varied intensity, and galvanic inter- 
rupted. 

2. Separate action of the two poles by the method of unipolar 
stimulation, and direction, ascending or descending, of the stimulating 
current. 


3. Variation of the rate of interruption and of - intensity of the 

stimulating current. 

4. Compare the results obtained in the manner described with 
others brought about by irritation of widely separate regions of the 
body with mechanical and thermal as well as electrical stimuli ; these 
results being obviously reflex in character. 

5. Are the effects in the main series of experiments da to direct 


or reflex action of the stimulating current upon the ous vaso- 
motor apparatus ? 


1 This Journal, vu. p. 416, Ae alana tae Med. Wiss. No. 29, 1883... 
This Journal, vi. p. 487. 
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PLETHYSMOGRAPHIC STUDIES. 
Literature. 


The human motor nerves irritated by the make and break of a 
galvanic current obey a law of contraction which is only a modification 
of that educed by Pfliiger from experiments on the excised nerve- 
muscle preparation, in which it is shewn that polar influence and the 
direction of the current are of fundamental importance. The phe- 
nomena of electrotonus can be demonstrated on the human body. 

It is generally admitted that there is a selective irritative quality in 
the various forms of current’; contractions excited in skeletal muscles by 
induced currents are produced not by direct irritation of the muscular 
_ substance but by irritation of the intra-muscular nerves; whereas the 
galvanic current has powerful exciting action on the muscles them- 
selves. It is conceded also* that these two fofms of current differ 
widely in their power of penetration into the tissues, The faradic 
current is superficial and localized in its action, while the continuous 
current penetrates deeply, diffusing through an extensive area and 
reaching deeply-seated organs. Induced currents applied to the skin 
by means of dry electrodes cause first a contraction and afterward a 
dilatation of the vessels of the skin*; when applied by moist electrodes 
there is, with moderate currents, no change; with stronger, a contraction 
followed by a dilatation of the vessels. Galvanization of the skin 
produces redness round both poles, and according to Griitzner the 
galvanic current is a direct irritant of the vaso-dilator nerves of the 
skin“. No “law of contraction” for the blood vessels has, however, 
been discovered by excitation of the vaso-motor nerves; and Chauveau’ 
has found that the law of contraction for motor nerves is radically 
modified when these maintain their normal anatomical relations and 
are irritated by the “unipolar method;” ie. when the electrodes are 
widely separated, or when the stimulating pole is made very narrow and 
the other very broad and “indifferent.” According to this method 
weak currents give only cathodal make; later, anodal break contractions ; 
but as the current strength is increased the anodal make contraction 
appears and continues to increase with the stimulus, while that of the 
cathodal make remains at a constant, comparatively low value. 

1 Onimus. Journ. del Anat. et Physiol. 1874, p. 629. 

2 QOnimus, Op. cit. p. 476. 

Onimus. Op. cit. p. 472. 

‘Erb. Handb. of Electro-Therapeutics (trans. by Putzel), p. 50; Beard and 


Rockwell Medical and Surg. Electricity, p. 119. 
5 Chauveau. Comptes Rendus, 1875, p. 81. 
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Although we must believe that the action of electricity on the human 
body is according to the established laws of electro-physiology, it is an 
unfortunate fact that therapeutical practice can only in a very general 
way be guided by them. Thus Beard and Rockwell declare’, “The 
broad fact to be understood is, that it is not so much the disease or 
symptoms, as the temperament (of the patient) that indicates or contra- 
indicates electrization.” And Erb writes, “It would be premature in 
the present state of our physiological knowledge, to decide with any 
degree of certainty upon the methods of treatment of the vaso-motor 
neuroses. We are forced to determine the most useful method empiri- 
cally, by the therapeutical experiment. A starting-point is furnished us 
by the scanty electro-physiological data to which I have referred..., viz., 
that moderate faradic stimulation mainly contracts the vessels; severe 
faradic stimulation, especially with the brush, leads to secondary 
dilatation ; the galvanic current first causes contraction, then dilatation, 
the latter occurring so much more rapidly the stronger the current; 
cathodal closures contract the vessels, anodal duration dilates them 
widely; finally, ascending or descending stabile galvanic currents in some 
nerves cause the vessels to dilate *.” 

The differential physiological action of various forms of electric 
- current seems to have attracted but little systematic investigation. 

Duchenne found an obvious difference between the physiological ° 
effects of the extra-current obtained from the interruptions of a galvanic 
current passing through the primary coil of an induction apparatus, 
and those of the induced current generated in the secondary coil. He 
concludes that, “The sensibility and contractility of muscles, as well as 
the excitability of mixed nerves and deeply-seated organs (as intestine, 
testicle, bladder, etc.), are much more actively provoked by the extra- 
current whose tension is feeble than by the induced current whose 
tension is comparatively high.” 

A knowledge of the laws of electrotonus would lead to the obvious 
hypothesis that electro-physiological effects, particularly those per- 
taining to the action of the continuous galvanic current, must in 
a very large measure depend upon the direction of the current in the 
living tissue. | 

This aspect of the question has been the theme of a series of 
researches carried on under the codperation of Onimus and Legros. 
These authors found most remarkable differences between the effects of 


1 Op. cit. p. 289. 2 Op. cit. p. 284. 
3 Quoted by Onimus, Op. cit. p. 148, — 
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the continuous galvanic current both on the irritability of the nervous 
centres and on the vascular mechanism, according to the direction of the 
current and the situation of the electrodes. In frogs prepared according to 
Galvani’s method, the hind legs being suspended by their nerves which 
remain in connection with théir spinal centres, Onimus' discovered — 
that contractions excited by ascending currents were reflex in character, 
while those produced by descending were due to direct stimulation of 
the motor nerves. Legros and Onimus’, continuing these obser- 
vations, state that a descending current applied directly along the spinal 

cord of a frog excites only the motor nerves and inhibits reflexes, while 

the ascending current augments the irritability of the cord and the 
- contractions produced are reflex in character. In short, these results 

appeared as if the cord were subject, like a spinal nerve, to the law of 
contraction. 

But the most remarkable effects attributed by these authors to the 
galvanic stimulus were those of the continuous current upon the calibre 
of the blood vessels and the velocity of the circulation. While studying 
under the microscope the circulation in the web of the frog, if a galvanic 
current be passed in an ascending direction through the limb the usual 
result is a contraction of the arterioles and a retardation of the circulation. 
But a more constant and striking change was the reverse result brought 
about by the descending current ; this consisted in a dilatation of the 
blood vessels and increase in the rate of blood-flow®’. The effect upon 
the circulation was the same whether the stimulus was applied to the 
limb itself or indirectly through the isolated sciatic nerve. 

They found that the circulation in the mesentery of mammals was 
likewise accelerated by the passage of a descending current, i.e. one 
whose negative pole was on the intestine and positive pole situated 
nearer the spinal column. More remarkable still, these authors state 
that when the circulation was completely arrested in any area by 
inflammatory process, it was reestablished with vigour by the passage of 
the descending or centrifugal current. The same investigators declare 
that dilatation of the vessels and increase in the temperature of a 
rabbit's ear follow the application of the descending current (the positive 
pole anterior to the negative) to the sympathetic nerve in the neck. 

The blood-pressure in the peripheral end of the cut carotid or 
femoral artery and in the corresponding veins also increases when the 


1 Onimus. Journ. de VAnat. et Physiol. 1867, p. 412. 


* Legros et Onimus. Journ. de l’Anat. et Physiol. 1870, p. 11; 1869, p. 617. 
§’ Legros et Onimus. Ibid, 1868, pp. 362 et 479. 
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sympathetic nerve or the leg, respectively, is submitted to the action of 


the descending current. The interrupted galvanic or the induced © 


current always produced contraction of vessels where the continuous 
current caused dilatation. 

In our consideration of these results it must be remeny in mind that 
they were the outcome of the application of currents derived from series 
of 10 to 14 Remak’s elements (equivalent to about the same number of 
Daniell’s), and the density of the current in the tissues under observa- 
tion must therefore have been physiologically very great. Moreover, the 
conclusions which have been cited, though widely quoted, have failed to 
win that confirmation from other investigators which might have been 
expected had they been well-founded. 

Respecting the circulation in the brain, Legros’ found that a 
continuous galvanic current sent through the brain causes contraction of 
its blood vessels when the positive pole is placed on the forehead and 
negative pole on the side of the neck, but a dilatation when the direction 
of the current is reversed. Loewenfeld* came to the same conclusion. 

With regard to the action of induced currents Onimus* declares 
that when they are applied to the whole of a member the result is a 
contraction of the arterioles, but when only sensory nerves are affected 
there follows hypersmia of the capillaries. 3 


This introduces the question of the reflex stimulation of the vaso- 


motor mechanism, a subject of the greatest importance in the discussion 
of the results of the present investigation. 

Heidenhain* discovered that stimulation of the central end of a 
mixed nerve, the sciatic, in curarized dogs was accompanied by a fall of 
body temperature, measured in the vena cava inferior, but by a simul- 
_ taneous rise of arterial pressure. Later, the same author’ found a 
synchronous elevation of the skin temperature under the same conditions, 
and he summarizes his observations as follows: “During ordinary life 
irritation of the vaso-motor centre is almost always produced reflexly 
through stimulation of sensory nerves or directly by change in the 
gaseous content of the blood. These modes of irritation cause uniformly 

an elevation of skin temperature (so long as fever-free animals are 
considered) while the internal body temperature falls.” Ostroumoff ' 

1 Dict. Encycloped. des Sciences Med. 7. 33, p. 836. 
2 Quoted by Erb. Handb. of Electro-ther., p. 284. 
Onimus. Journ. deV Anat. et Phys. 1874, p. 472. 
4 Heidenhain, Pfliiger’s Archiv, Bd. m. 8, 504, 


5 Heidenhain. Pfliiger’s Archiv, Ba. v. 8. 100. 
6 Ostroumoff. Pfliiger’s Archiv, Bd. xr. 8. 219. 
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shewed that stimulation of a sensory nerve, as the central end of the 
vagus, in curarized dogs in which the sciatic nerve on one side had been 
previously divided caused a rise of arterial pressure and an elevation 
of temperature on the sound side, but rather a fall of temperature in 
the skin ofthe leg whose nerve had been cut. 

Latschenberger and Deahna’, after stimulation of the central 
stumps of mixed nerves, as the vagus and sciatic, conclude that, 1. “Not 
only from the heart but from every district of the vaso-motor system 
two kinds of afferent (vaso-motor) fibres run; those which elevate and 
those which lower the arterial blood-pressure. 2 The action of the ~ 
pressure-elevating fibres fails during stimulation more rapidly than that 

of the depressing.” 
These experiments indicate in the most decided way the itiale: 
mentary action of the vaso-motor mechanism of the internal as 
distinguished from the external organs by which the balance of mean 
arterial blood-pressure is preserved. 

Gaskell* studied particularly the reaction of the vaso-motor nerves 
of muscles toward direct and reflex stimulation, his conclusions being 
based on the measurement of the volume of blood flowing in a given 
time from a divided muscle-vein. His following opinions are of especial — 
interest here: “ Electrical or mechanical stimulation of the peripheral 
end of a muscle-nerve causes a very marked dilatation of the muscle 
arteries in the uncurarised animal, and a slighter dilatation in the 
case of an animal curarised so as just to prevent contraction of the 
muscles upon stimulation of the nerve.” 

“Stimulation of an afferent nerve causes dilatation of the muscle 
arteries when it causes a reflex contraction of the muscle....Stimulation 
of the central end of a nerve, such as the vagus, which does not 
cause any reflex contraction of the muscle, or any strong expiratory 
action of the abdominal muscles, produces no dilatation, but rather, 
if anything, a slight constriction of the arteries of the muscles... 
With respect to voluntary contractions Mosso has shewn by means 
of his Hydro-sphygmograph that in this case too an increased flow of 
blood accompanies muscular contraction.” 

It is well, before transferring to human physiology the conclusions 
arrived at from manipulations of the lower animals in the laboratory, 
to consider, as far as possible, what might have been the special 
effect of the conditions of the experiment upon the results obtained. 


1 Latschenberger and Deahna. a Archiv, Bd. xm. 8. 157. 
2 This — Vol. 1. p. 262. 
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It is a matter of daily experience in the laboratory that animals 
whose blood-pressure is being registered, and which are very slightly 
or not at all under the influence of an anesthetic, are extremely 
impressionable, as shewn by the fluctuation in blood-pressure, to 
slight sensory stimuli, as. mechanical contact with the hairs of the 
skin. Indeed, Dittmar‘ declares that, in his experiments, the feeblest 
stimulation of sensory nerves which caused elevation of blood-pressure 
was not felt by the animals. 

But anesthetics and curare affect more or less profoundly the 
irritability of the whole vaso-motor mechanism, and from animals 


under the influence of such drugs nearly all our data concerning 


the normal working of the vaso-motor apparatus have been gathered. 
As regards the peripheral apparatus, Gaskell’ found that curare 
paralyzes the vaso-dilator fibres of muscles, but leaves the vaso-constric- 
tor functions intact. 
Respecting the reflex apparatus, E. Cyon*® and others proved 
that stimulation of sensory nerves raised the arterial pressure in 


curarized animals, but lowered it in those under the influence of 


chloral. 

Finally, Ganz‘ and others, working under the direction of Hermann, 
found that with dogs and cats under morphine, injection of cold water 
into the stomach caused a comparatively slight elevation of arterial 
pressure (25—30 mm. Hg.); but in the same animals under curare 
the injection was followed by a rise of 40—60 mm. Hg., ie. the 
original blood-pressure was nearly doubled. This excessive elevation 
was explained as the result of an uncompensated constriction of the 
abdominal vessels, the vascular regulating mechanism having been 
paralyzed by the dose of curare. 

Only recently has attention been paid to the influence of the 


rate of interruption of electrical stimuli on the vascular machine. 


As regards ordinary sensation, all authors seem agreed that with 
a given intensity of stimulus the intensity of sensation increases 
with the rapidity of stimulation. The contributions of Bowditch 
and Warren’ and of Ellis® to this _ have been kept in mind 
throughout our own research. : 


1 Dittmar. Séchs. Akad. 1870, 8.18. — 2 Gaskell, Op. cit. 
3 E. Cyon, Comptes Rendus, 1869, and Pfliiger’s Arch. vit. 8, 327. : 
4 Pfliiger’s Arch, Bd, 11. 8. 8. 
5 Bowditch and Warren. This Journal, Vol. v1. p. 416, and Centralbl. f. de Med. 
Wiss. No. 29, 1883. 
6 Ellis. This Journal, Vol. v1. p. 437. 
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These authors took plethysmographic tracings from the hind limbs 
of curarized cats and frogs, and noted the variation of volume brought 
about by faradic stimulation of the — end of the cut sciatic 
nerve. 

The changes in the calibre of the blood vessels, evidenced by 
variation in the volume of the limb, as summarized by Bowditch ~ 
and Warren, fall under three heads: “1, a prompt contraction; 2, a 
prompt contraction followed by a dilatation; 3, a slow dilatation.” 
These include the phenomena daily witnessed in our own experiments. 
Again, say these authors, “With each intensity of stimulation the 
percentage of cases shewing a simple dilatation diminishes and... 

that of cases shewing a simple contraction increases with an increasing 

rate of stimulation. In other words, the vaso-dilator nerves are more 
irritable with a slow, and the vaso-constrictor nerves with a rapid 
rate of stimulation....With a slow rate of stimulation (there is) with © 
increasing intensity of stimulation an increase of the constricting 
effect, i.e. a feeble irritation acts relatively more on the vaso-dilator, 
a strong irritation more on the vaso-constrictor nerves. With more 
rapid stimulation this difference was not noticed.” The range of 
interruption-rate used by these authors lay between 1 in 10 seconds 
and 64 in 1 second. 

Finally, the plethysmographic experiments of Frangois-Franck’ 
bear, according to their method, a closer resemblance to our own 
than any that have been described. ) 

This author studied the variations in the volume of his hand, 
registered by means of a Marey’s tambour placed in communication 
with a glass jar, which was filled with fluid and inclosed the member. 
The greater number of results so obtained are familiar to all and offer 
no difficulty in their explanation. Only two of the facts related are 
of special interest to us here: 1. When a piece of ice was applied 
to the skin in any region there was a reflex contraction of the 
vessels, as shewn by a diminution in the volume, of the hand 
studied. 2. When the hand within the cylinder grasped a metal 
bar which formed one terminal of the secondary coil of an induction 
apparatus, the other electrode being situated at the elbow, faradic 
stimulation of the forearm was followed by a diminution in its volume, 
whatever the strength of the current employed. This diminution in 

_ volume was preceded by a latent period of 24 to 3 seconds; but whether 


1 Fr.-Franck, Travaux du lab, de Marey, 1876, p. 1, 
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this lost time was a sign of a reflex character of the contraction the 
author does not pretend to say. 

Keeping in mind the fundamental law for the stimulation of 
irritable tissues, namely, that the irritation is a function of the rate 
of change of intensity of the stimulus, and knowing that the current 
of more rapidly changing intensity is best adapted to irritate the 
tissue of greatest molecular mobility, as the induction current selects 
the nerve, and the make and break of the galvanic current is 
particularly an excitant of striated muscle, we hoped to find for 
the sluggish contractile. tissue of the vascular walls a stimulus 
especially adapted to excite them in a galvanic current flowing 
through a circuit which instead of being absolutely interrupted should 
have its resistance rhythmically varied, so that the effective current 
should oscillate in a pendular manner, giving variations of intensity 
of any desired rate and value. 

Two mechanical devices were employed to produce this “gliding 
current,’ as we have termed it, and they will be described later 
on (pp. 198 et seq.) as the rotating battery and the rotating rheocord. 


METHOD AND APPARATUS. 


Our method was based on the common assumption that the 
changes in volume of an organ inclosed in the plethysmograph 
are produced by the dilatation or contraction of the blood vessels, 
particularly the arterioles, supplying it. 

We desired, in the first place, to select an organ devoid, as 
nearly as possible, of voluntary muscles and motor nerves while 
still abundantly supplied with blood vessels, and in this way to 
operate on the peripheral vaso-motor mechanism uncomplicated by 
_ the presence of other irritable tissues. The finger, either the middle 
or the forefinger, was accordingly the organ chosen. 

The plethysmograph employed in this part of the work consisted 
of 1, a test-tube to inclose the finger, 2, a sect apparatus 
to transcribe the changes of volume. 

The test-tube was drawn out in the flame and broken off so as 
to be put in communication by a rubber tube with the registering 
part of the instrument. A bulb having been blown in the side of 
the test-tube a platinum wire was inserted through it while still 
plastic and sealed in the flame. The object of the wire was to conduct 
the irritating current, and of the bulb to hold a few drops of 
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mercury, which acted as an expanded electrode, thereby diminishing 
the density of the current as it left the metal conductor so as to 
avoid electrolytic action when watery fluids were used in the tube. 
The mercury pad also afforded a good contact surface for the finger 
to rest upon. | 

When oil was used to fill the test-tube, as in some of the 
experiments, the finger was necessarily kept in contact with the 
bead of mercury in order to complete the electric circuit; this was 
not necessary when water or saline fluids were used. In one person 
who was under observation the finger diminished in size so evenly 
from its base that it fitted perfectly the mouth of the test-tube when 
fully inserted, and much the finest dicrotic tracings were thus obtained. 
In most cases, however, in order to prevent the outflow of fluid from 
the tube it was necessary to close its mouth by a piece of rubber © 
sheeting, perforated by a hole sufficiently large to easily admit the 
finger, which was previously well-coated at its base with vaseline. 

The smaller end of the test-tube was connected by a piece of stout 
rubber tubing with the registering instrument, which was borne upon a 
vertical supporting rod. This part of the apparatus is represented 
about half the real size in Fig. 1, Pl. VI.; it owes its design to the well- 
known “ frog’s heart tonometer” devised by Roy’. 

The brass cylinder a is closed below by a light, loosely fitting piston — 
grooved on the edge for the attachment of a sheet of “goldbeater’s 
skin,” which is tied also round a groove near the bottom of the cylinder. 
This membrane when moistened with oil, with which the instrument is 
filled when in use, allows to the piston the utmost freedom of movement 
without permitting escape of fluid from the apparatus. The piston rod 
b, drawn proportionately somewhat too short in the figure, is jointed below 
to a short arm of the lever projecting back of the fulcrum. The lever c 
is, as represented in the drawing, adjustable in every direction and 
needs no special mention. The cylinder a is permanently closed above 
except for the two small tubes d, by means of which the quantity of fluid 
in the instrument may be regulated; their free ends were closed when 
the instrument was in use by clamped slips of rubber tubing. | 

The hollow right-angled piece e¢, besides giving support to the lever 
mechanism, was the means of communication between the cavity of the 
cylinder a and the test-tube plethysmograph already described. The 
connecting rubber tube was chosen as short and of as large calibre as 
possible in order to diminish friction of movement. A glass T piece 
a Roy. This Journal, Vol. 1. p. 452. 


on 
é 
4 
ae 
** 
By 


q 


190 H. SEWALL AND E. SANFORD. 


was interpolated in the course of the rubber tube, and by this means 
fluid could be readily introduced into or withdrawn from the apparatus. — 
When about to be used, this registering instrument, or tonometer, was 
filled with olive oil, and the rest of the apparatus either with oil, water 
or saline fluid.as desired. The rubber tube leading from the tonometer 
was then clamped, and the finger was inserted into the test-tube, the 
fluid displaced running out of the open end of the glass T piece, which 
was afterwards clamped. Communication being established throughout 


_ the apparatus, it is evident that any increase in the volume of the 


finger would cause a depression of the piston b, and a corresponding rise 
of the writing point of the lever c; while with decrease of volume the 
atmospheric pressure would return the piston to its former level. In 
our better tracings the dicrotism of the pulse is well marked, as well as 


the grosser changes in the volume of the finger. The record was made 


upon a slowly moving smoked surface, and a seconds’ time marker was 
made to write exactly under the point of the tonometer lever. 

Of the poles carrying the stimulating current to the finger, one was 
“ indifferent,” being formed of a broad, moistened plate of battery carbon 
upon which rested the palm of the hand; the other pole was most 
commonly formed partly by the button of mercury contained in the 
bulb of the test-tube and partly by the fluid surrounding the finger. 

_ A consideration of the literature of vaso-motor physiology makes it 
evident that the vascular mechanisms of different organs must be 
separately studied, for the same stimulus may have opposite effects 
according to the blood vessels brought under its influence. 

In the finger we have represented with considerable purity the 
vaso-motor mechanism of the skin; we desired to find whether the 
results of artificial stimulation are essentially modified when the vaso- 
motor nerves of striated muscles are simultaneously excited. - For this 
purpose the ulnar‘nerve at the elbow joint was the point chosen for 
stimulation, and the changes in volume noted were those of the hand 


and fore-arm. 


This member was inserted into the ordinary plethysmograph cylinder, 
which was then filled with water at about the temperature of the body. 
A disk of wood, turned out at the centre so as to fit closely round the 
fore-arm at its thickest part, was fastened over the mouth of the cylinder, 
and formed a rigid background for the perforated sheet of rubber which | 
is necessary to prevent the outflow of water; the loss of motion due to 
the elasticity of the rubber was thus in a great degree eliminated, and 
the rubber sheet thus supported prevented leaking when fitted com- 
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paratively loosely round the arm. The cylinder was freely suspended 
by a cord, but steadied by the elbow resting upon a fixed support. It 

_ was found that the uncomfortable sensations which follow when the 
arm is soaked for an hour or two in water are done away with if the 
skin be previously well coated with vaseline. This is an interesting 
fact, which it is hoped the future will give an opportunity of more 
definitely investigating. We used the simple method of registration 
first employed by Francois-Franck. 

For this purpose the open tubular end of the cylinder was connected 
by a stiff rubber tube with a tambour constructed after Marey’s plan, — 
and itself containing only air. The electrical current was applied over 
the ulnar nerve by a small, moistened sponge electrode fastened to the 
end of a wire. The sponge was held in place on the elbow by a 
bandage, care being taken to insulate the surrounding skin by a sheet 

-_of gutta percha tissue smeared with vaseline. The indifferent electrode 
was formed of a broad disk of moistened battery carbon, which was 
sometimes tied on the arm, sometimes held in the free hand. When 
the sponge electrode was accurately placed, the sensation provoked by 
the stimulating current was nearly _— confined to the fingers of the 
hand. 


Methods of Stimulation. — 


A series of experiments was performed with each of the following 
forms of current : 


1. The induction current. The rate of interruption was varied so 
as to give stimuli ranging between about 1 shock in 5 seconds and 
60 shocks in 1 second. The interruptions were obtained by the 
rotation of the cogged cylinder of Bohr, described by Bowditch 
and Warren in the work already mentioned. The design of this 
apparatus is to short-circuit either the make or break induction shocks, 
so that the successive currents may be of the same intensity and 
direction, 

The ordinary du Bois induction apparatus was used in the production 
of the secondary currents. 

In nearly all the experiments the time-marking current from the 
seconds clock and the stimulating current were led through the same 
electrical key in such a way that when the key was at rest the 
stimulating current was broken while that through the seconds 
pen was closed and wrote ite the smoked surface; when the key was 
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depressed the stimulating current was closed and, that from the clock 
being broken, for a like period the time marker ceased to move and 
described a simple horizontal line on the smoked cylinder. 

2. The continuous galvanic current. The battery employed in all 
experiments with the direct current was the single fluid bichromate cell 
With zine-platinum terminals; and there were interpolated in the 
‘stimulating circuit, besides the member under observation, the make 
and break key already referred to, a commutator to reverse the 
direction of the current, a milliamperemeter to measure its intensity, 
and frequently a fluid rheocord to control it. 

3. The interrupted galvanic current. The arrangement of the 
circuits was essentially as before. In order to obtain the desired 


. range of intervals of interruption. 7.¢. from about 1 stimulus in 4 seconds 


to 150 in 1 second, two forms of interruption apparatus were em- 
ployed. 

The apparatus used in sntacine the slower rates of interruption is 
represented in Fig. 2, Pl. VI. 


It consists essentially of an iron bar g, about 14 inches long and 
4 inch in diameter, suspended, so as to oscillate in a horizontal plane, 


by two fine wires f, fastened above to a metal cross-piece e, which in 
turn is attached to a horizontal bar c, which is adjustable on the 


vertical rod 6. A pair of electro-magnets 7, stand just under the 
horizontal bar, one on either side of its middle. The magnets stand © 
upon a brass cross-piece k, which can be rotated through several degrees 
about its centre. On each of two similar strips of brass, n and 0, slotted 
at both ends, are borne a mercury cup and a binding post for attachment 
of wires. The brass strips are held in place by adjusting screws, as 
represented 1 in the figure. 

Two pieces of copper wire ¢, coiled round the horisoutel bar, 
point downward, and the tip of each dips into its corresponding 
mercury cup as the bar oscillates about its middle. The motion of 
the bar g is steadied by a pin h’, inserted in a hole drilled transversely 
through the middle of the bar. The pin itself is, as represented in the 
figure, adjustable in all directions on the upright b. The bar g when 
set moving is kept in automatic oscillation by an electric current which 
passes along the wire w, through the electro-magnet and the connected 


-Imercury cup, at its moment of contact with the pin ¢, then through the 


instrument and back to the battery by the wire v. 
The apparatus is thus a sort of torsion balance, the rate of vibration 
of the bar being determined by the length of the wires f, their distance 
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apart and the load suspended on the ends of the bar. With the 
instrument described the rate of contact could be varied between 1 
in 15 seconds and 3 or 4 in 1 second. The current just described 
was produced by a pair of bichromate elements, and was devoted 
wholly to keeping the horizontal bar in automatic motion. 

_ The interruptions of the stimulating current, on the other hand, 
were brought about by contacts of the mercury cup and bar on the side 
opposite that at which the contacts for the driving current are made. 
The stimulating current may be supposed to have entered the inter- 
rupter by the wire y, and to leave it by that lettered z. 

By proper adjustment of the slotted brass strips 0, bearing the 
mercury cup 7, a wide range in the duration of the successive contacts 
could be obtained. The wooden base of the instrument was supplied 
with three levelling screws. : 

For rates of interruption more frequent than about 3 per toad 

we employed the vibration of a metal strap having a platinum point 
dipping in mercury. The instrument was constructed essentially after 
the plan of Bernstein’s Acoustic Interrupter; the length of the 
vibrating strap and its rate of movement could be altered by changing — 
_ the position of a supporting clamp. 
In the same circuit with this interrupter was included a Signal de 
Deprez, whose armature moved in unison with the automatic vibrator 
and which served as a relay to open and close the stimulating circuit ; 
for to the armature of the signal was fastened a platinum point which 
dipped in and out of a mercury cup; the stimulating current passed 
through this contact, and interruptions were produced in it without its 
entrance into the automatic vibrator. 

4. The gliding galvanic current. This is the descriptive name we 
have been accustomed to employ to designate a form of galvanic current 
which has been especially investigated by v. Fleischl’, Fuhr’, and 
v. Kries* and to which these authors agree in attributing peculiar 
irritant properties. 

The peculiar feature of this current is that the period of increase — 
and decrease of its intensity instead of being instantaneous, as in the 
making or breaking of an electric contact, may be prolonged indefinitely, 
and the current oscillates gradually and at any desired rate between 
certain maxima and minima of intensity. A rotating rheocord of a plan 


1 Wiener Sitzungsbericht, Bd. 76, u. 83. | 
® Pfliiger’s Archiv, Bd. 34, 8. 510, u. Bd, 38, 8. 313. 
3 Archiv f. Anat. u, Physiol. 1884, 8. 337. 
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somewhat similar to that used by Fuhr and others was commonly 
employed in producing the desired current oscillations. The construc- 
tion of the instrument is shewn in cross-section in fig. 3, Pl. VI. 

In a circular block of wood a, 7 inches in diameter and 23 inches 
thick, were turned two grooves, each % inch wide, and } inch deep, 
The inner grooved circle was 5, and the outer 64 inches in diameter. 


_ A flat metal cross-bar k passed over the middle of the block about an 


inch above the surface; the ends of the bar were bent down at right 
angles and screwed to the edge of the block. A spindle ¢, carrying two 
pulleys o and n, turns upon a metal block h, sunk in the centre of the 
wooden base, and is held in place by a set screw in the metal cross-bar. 
The spindle carries also a horizontal metal arm m, round whose end is 
coiled a wire terminating at each extremity in a strip of platintfm foil, 
one of which dips into either of the grooves g and r, already mentioned. 

At certain points e and d, on the same radius of the wooden base 
the two grooves have fastened to their sides and bottom two strips of 
platinum foil, each of which is in communication with an insulated 
binding post f and g. The circular grooves being filled with a saline 
fluid, an electric current in passing through the instrument enters at 
one binding post, traverses the fluid in the corresponding groove until 
it reaches the suspended platinum point; it then runs across the 
metallic bridge to the second groove and returns through the fluid to 
the second binding post. Obviously, the minimal resistance is offered 
by the instrument when the end of the rotating bar m is just over the 
platinum terminals of the binding posts at c and b; and the maximal 
resistance is offered when the free end of the bar is at the opposite side 
of the wooden dish. The bar m was kept revolving at an uniform rate 
by a string passing round one of the pulleys and driven by a motor; 
regular oscillations between certain maxima and minima of current 
intensity could thus be obtained. Practically, the variation of resistance 
offered by the rotating rheocord is so small that the available alteration 
of current intensity gives but feebly stimulating effects ; when the arm 
or finger was included in the circuit a difference of only two to three 
milliamperes of current could be obtained by changing the rheocord 
from its position of least to that of its greatest resistance. 

For the production of somewhat similar currents of any desired 
intensity a special form of battery was designed ; this is represented in 
surface view in fig. 4, Pl. VI., and in cross-section in fig. 5, Pl. VL, 
24 wide mouth 3 ounce bottles, a, form the battery jars; they are 
arranged in two concentric circles in grooves turned in a block of wood ; 
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16 bottles are in the outer and 8 in the inner circle. A metal rod, d, 
about 12 inches long, rises from the centre of the wooden base and is 
" fastened firmly to it. The only peculiar part of the instrument consists 
of a wheel with two concentric wooden felloes, m and 1, held together 
by spokes of slender brass rod, k, which at the centre are screwed into 
the wooden hub of the wheel. The 24 pairs of zinc-platinum elements, 
t, h, are fastened by screws and washers on either side of the wooden 
felloes between the spokes, and they are coupled in series. A piece of 
brass tubing, n, which slides readily on the vertical rod, d, is firmly 
attached by a flange to the top of the hub, 7, above which it rises some 
3 inches, This tube is provided with a set screw q, by which it, and conse- 
quently the attached wheel, may be held in any position on the vertical 
supporting rod, and thus the elements lowered into or suspended above 
the battery fluid. A pin projecting from the brass tube runs in a 
longitudinal slot in the vertical rod, and prevents the wheel from 
turning round. A grooved metal pulley o plays round the brass tube 
just above the hub, and projecting from its under edge is a strip of 
spring brass, wu, which turns with it and presses on a series of radial 
_ brass straps, s, s’, 8”, etc., which are immovably fixed on a wooden disc, 
and are in connection one with each of the metallic spokes of the 
wheel; these spokes are, in turn, connected in order with the platinum 
plates of the successive elements. Therefore, when the pulley is turned 
the brass spring on its under surface comes successively in contact with 
the free terminals, s, s’, 8”, etc., of the platinum plates of the battery, and 
determines the number of elements in action from 1 to 24. One pole. 
of the battery is formed by a binding point on the periphery of the 
wheel, and the other at a similar point, f, on the central brass tube. 
The contact spring was so flattened as, at certain points, to touch 
- simultaneously two adjacent terminals, so that increase and decrease of 
the current was by steps of but a single cell. It is clear that, with the 
arrangement described, to-and-fro oscillations of the pulley could not 
produce a strictly “ gliding” current like that derived from the rotating 
rheocord ; still the variation of a single cell in the stimulating battery 
employed in a circuit of such resistance as that offered by the living 
tissues produced little physical effect on the milliamperemeter, and no 
perceptible physiological change of sensation, although the total influ- 
ence of several cells in series might be of a powerful character. 

When in actual use an oscillating movement was imparted to the 
pulley bearing the contact spring, and consequently a staircase-like 
increase and decrease in the current was produced, in the following 
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way: a cord was made fast by its middle through a hole in the rim of 
the pulley. In one half of the cord was interpolated an elastic rubber 


band, and its end was fastened to an immovable support. The free end — 


of the inelastic part of the cord was fixed to a swivel clamped on the 
radius of a wheel, which could be rotated at any desired rate in a vertical 
plane. Under the conditions described, turning the wheel produced an 
oscillating movement of the pulley through an angle determined by the 
distance from the centre of the wheel at which the end of the cord was 
attached. 

Four different persons. submitted themselves to observation in the 
course of this investigation, but by far the greater number of experi- 
- ments were performed on a single individual ; for it was found that the 
annoying irregularities in the plethysmographic tracings due to psychical 
causes were much less frequent when the person undergoing observa- 
tion was thoroughly habituated to the abnormal conditions of experi- 
mentation. In a few of the experiments the conditions of comfort were 
so perfect that the patient went to sleep during the observation. In a 
typical experiment a tracing was first taken of the normal changes in 
volume of finger or arm, and, if regular, the stimulating current was 
sent into the member, and the irritation continued until its full effects 
seemed to have been produced ; this period lasted usually from 20 to 40 
seconds, though it was occasionally prolonged through 3 or 4 minutes. 
Then followed a rest of from 3 to 10 minutes, until the tracing again 
appeared normal, and another observation under the same conditions, 
but with the current reversed in direction, was taken. After another 
rest the strength of the stimulus or its rate of interruption, as the case 
might be, was changed, and a pair of observations taken as before, 
Eight or ten stimulations having been applied in this manner they 
were then repeated in the reverse order, so as to eliminate as far as 
possible the effects ofifatigue. _ 

. The whole experiment lasted, as a rule, from one to two hours, 
increasing mental discomfort of the patient made it unprofitable to 
continue a sitting longer than this, A considerable number of experi- 
ments were performed with the use of each variety of current already 
described as a stimulus, and the main results are indicated below. As 
already stated, the maximum intensity of current employed in any case 
was limited, on the one hand, by the painful character of the sensations 
aroused, and, on the other, by the appearance of muscular contractions. 
Expressed in physical terms, the maximal current passed through 
finger or arm was in nearly all cases less than 5 milliamperes intensity, 
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In the following we briefly collate the results of our work under the . 
-heads of the various forms of stimulation employed. As there are 
essential differences between the tracings from the finger, the irritation 
being applied to the skin of that organ, and those from the fore-arm, 
the stimulus being applied to the ulnar nerve at the elbow, the results 
from these two modes of observation will be described under sub- 
headings. Taking the observations as a whole, the effects of stimula- 
tion present the utmost variety. 

By far the most common phenomenon was a contraction, or diminu- 
tion of volume, at the beginning of stimulation which might or might © 
not be preceded by a latent period of two or more seconds. This con-. 
traction occasionally persisted throughout the stimulation, but usually 
it lasted but few seconds and gave way to @ slow return to the original - 
volume. Sometimes the irritation appeared to set in active conflict the 
vaso-constrictor and vaso-dilator mechanisms, for it was accompanied 
by oscillations of volume alternately far above and below the normal. — 
In comparatively few cases was the immediate result of stimulation a | 
dilatation of the vessels. The after-action of the stimulus was 
usually one of dilatation ; and the increase of volume above normal was 
more marked when dilatation had already been produced during stimu- 
lation. We can in general confirm the conclusion of several other 
authors, that when the original condition of the blood vessels is one of 
dilatation, stimulation produces contraction, whereas when a vascular 
area is contracted irritation of it causes relaxation. 

Our plethysmographic tracings shew very commonly a diminution in 
the amplitude of the pulse waves and disappearance of the dicrotism 
during the course of an experiment; this result can hardly be explained 
as due to a passive congestion of the finger or arm, since neither 
appeared to undergo a continuous increase of volume. 


RESULTS. 


I. Srimunation with Inpuction CuRRENts. (Bohr’s interrupter.) 


A. Tracings from the finger. 

A long series of observations convinced us that the results obtained 

by Bowditch and Warren’ from stimulation of peripheral nerves in 
curarized animals do not follow under the conditions of our experiments. 
The rate of stimulation had apparently no distinctive influence. 


1 Bowditch and Warren. Loc. cit, 
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Whatever positive results followed the stimulation seemed be depend 
wholly on the strength of current. Sometimes no positive change 
accompanied any conditions of irritation, but usually with all values of 
current giving rise to sensations from “moderate” to “strong” there was 
decided contraction appearing after a latent period of 2 or 3 seconds, 
lasting from 5 to 15 seconds, and a gradual return to normal volume. 
The after-action was never very marked. 

With currents giving rise to feeble sensations there was , usually a 
slightly marked dilatation, which might or might not be preceded by an 
initial contraction. Only tolerably rapid stimulation, 5 shocks per second 
and upward, had perceptible effect. Anodal and cathodal stimuli, 
respectively, exerted no distinctive influence. 


B. Tracings from the fore-arm. 


The results here were nearly uniformly positive in character. The 
effects were, in the main, decidedly those of dilatation, even the initial 
temporary contraction being often absent. With the stimulus well 
localized on the ulnar nerve very feeble currents were capable of ex- 
citing contraction of the skeletal muscles; therefore all the stimuli 
used in this part of the work may be regarded as weak. Still it was 
clear that the stronger stimuli tended to produce simple contraction, 
while the weaker caused simple dilatation. In fig. 6, Pl. VIL, is shewn 
a slight increase of volume due to a very feeble stimulation of the ulnar 
nerve with about 30 shocks per second. In fig. 7, taken from the 
same experiment, is shewn a contraction produced under the same 
conditions except that the current was considerably stronger: the 
tracings are to be read from left to right. There was often evidence of 
a rhythmic action of the vaso-motor centre, the effect of the stimulation 
being marked by periodic contractions and dilatations ; in fig. 8, PJ. VII, 
is represented such a result caused by about 30 stimuli per second of 
“moderate” strength, i.e. such as to give a distinct but by no means 
painful sensation in the hand. As regards the effect of strength of 
current, the dilatation appears earlier and falls away more quickly with 
feeble stimuli ; while it comes on later and persists longer with stronger 
irritation. There is no evidence that the rate of stimulation has of itself 
any special influence. About the same results were produced whether 
1 or 30 shocks per second were used. The dilatation produced during 
stimulation persisted, sometimes increasing, for a longer or shorter time 
after cessation of the current. This after-action was more marked in 
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the early than in the later parts of experiments, and therefore was 
subject to fatigue. 

Here, as elsewhere in the following, there was no difference ob- 
servable between the effects of anodal and cathodal stimuli except that 
with the same current the cathode always acted as the stronger 
stimulus, 

When the intensity of the stimulus had reached a certain value a 
very slight increase in strength led to an occasional twitch of the skeletal 
muscles of the fore-arm, and a still further increase to a steady contraction 
of them. Such muscular contractions were well marked on the tracings 
as sudden, unusually extensive oscillations of the tambour lever. With 
a slow rate of stimulation (1 shock per second), with astrength of current 


just sufficient to cause contraction of skeletal muscles, there was very — 


little change in the volume of the fore-arm except a slight diminution 
during the muscular spasm and a dilatation after stimulation. But 
with more rapid stimulation (30 shocks per second) there was caused a 
marked dilatation, beginning during and continuing, increasing for a 
time, for several minutes after cessation of the stimulation. 

_ We have been led to the interesting conclusion that these con- 
tractions of the skeletal muscles were not due to the direct 
stimulation of their motor nerves, but were reflex in cha- 
racter. The principal reason for this belief lay in the fact that, when 
the stimulus was sufficiently feeble, the contraction of the skeletal 
muscles do not appear at the closure of the current but only after a 
considerable number of shocks had entered the nerve. — This latent 
period was longer the slower the rate of stimulation. The fact that 
with prolonged stimulation these contractions were intermittent in 
character might be attributed to unequal intensity of the successive 
shocks; but when the stimulating current was closed for several periods 
of 5 or 10 seconds, alternating with intervals about twice as long of 
rest, the contraction caused by each period of irritation was preceded 
by a characteristic latent period in which fell a number of ineffective 

induction shocks, 


II STIMULATION WITH THE CONTINUOUS GALVANIC CURRENT. 


A. Tracings from the finger. 


With currents of feeble intensity, 1—2 milliamperes, giving rise 
to slight sensation, there was no marked effect produced, though the 
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tendency seemed to be toward dilatation. But with stronger currents, 
3—5°5 milliamperes, the sensations were strong to. painful, and there — 
ensued a marked diminution of volume, beginning after a latent period — 
of about 5 seconds, and continuing a longer or shorter time after 
cessation of the current. The contraction of the finger was usually so 
great as to cause a leakage of fluid under the sheet of rubber through 
which the finger was inserted. : 

In fig. 9, Pl. VII., is represented the effect of a galvanic current turned 
gradually but quickly into the finger and reaching an intensity of 5 
milliamperes, which fell off to 4 milliamperes before the opening of the 
circuit. In this observation the negative pole was applied to the 
finger and the subjective sensation was strong, approaching painful, and 
persisted some seconds after opening the circuit. It is worthy of note 
that the passage of a galvanic current appears to soothe the nervous 
unrest which the conditions of experiment are apt to bring about. 

From the results of the work of Onimus and Legros, described 
above, see p. 182, we should expect our own experiments under this head 
to give us with different directions of current either an obvious difference 
in the length of the latent period or contrasting dilatation and con- 
traction. But such is not the case. The latent period preceding the 
contraction was about the same whatever the direction of current, 
and, as said before, diminution of volume was the sole marked effect 
produced. 


B. Tracings from the fore-arm. 


Comparatively few observations were made on this part of the 
subject. With weak currents, 1—2 milliamperes, giving feeble sensation, 
no obvious effect was produced. With stronger currents the results 
depended on the accuracy with which the small electrode was applied 
over the ulnar nerve. With a descending current, t.e. when the stimu- — 
lating electrode was formed by the negative pole, the sponge electrode 
could be so placed that nearly all the sensation aroused was referred to 
the hand. But when the anode was used as the stimulating pole the — 
chief sensation was due to excitement of the skin round the elbow. In 
this case closure of the circuit was followed by marked but, temporary 
diminution of volume giving way to a slow dilatation. The results were 
complicated in this case by the imperfect localization of the stimulus as 
judged by the double sensation experienced. In the case of cathodal 
stimulation, in which the sensation was located nearly wholly in the 
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hand, there was a continued, though a slight diminution of —_— 
persisting as long as the circuit remained closed. 

The circuit in these observations was suddenly made and beckass, and 
there was usually closing and sometimes opening contraction of the 
skeletal muscles. The current employed was about 5 milliamperes in 
intensity. These observations differ from those made with the constant 
current on the finger in that the stimulating circuit was closed suddenly, 
producing an immediate twitch of the skeletal muscles, and there was 
no latent period to the volume decline. 


III. STIMULATION WITH THE SLOWLY-INTERRUPTED GALVANIC 
CurRENT. (Circuit broken by the swinging bar.) 
A. Tracings from the finger. 
With rates of interruption from 1 in 4 seconds to about 2 in 1 second 
and current intensity from 4 to 34 milliamperes, the results were nearly 
purely negative in character, except that with the stronger currents 


closure of the circuit was followed after a latent period - about 5 
seconds, by a temporary contraction. 


B. Tracings the fore-arm. 

_ The conditions of current strength and rate of interruption were 
about the same as in the preceding. The characteristic effect of the 
irritation was that of dilatation, which usually either came on late during 
the stimulation or after its cessation. The first effect of the current was 
commonly to cause a temporary contraction after a latent period of — 
several seconds. Contrary to our experience with induction currents 
we could with the interrupted galvanic current excite strong sensations, 
localized chiefly in the hand, without causing spasm of the skeletal 
muscles. 


IV. STIMULATION WITH RAPID INTERRUPTIONS OF THE GALVANIC 
CuRRENT. (Circuit broken by the vibrating rod.) 
A. Tracings from the finger. 
The rates of interruption used were about 3, 9, 50 and 150 per 
second. This form of current produced more dohaite and regular 
results than the induction stimulus. _ 


Strong irritation produced marked contraction, continuing through- 
out the stimulation. Weak irritation caused a temporary contraction, 
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followed by an inconsiderable, long-continued dilatation. It should 
be noted that the terms “weak” and “strong” refer to the subjective 
sensation rather than to the physical current intensity. With 50 or 


_ more interruptions per second 14 milliamperes of current appeared 


to provoke as strong a sensation as did 34 inihampercs with 24 
contacts in a second. 

A latent period of from 2 to 3 seconds almost invariably preceded — 
the changes set up by stimulation. No can be 
attributed to anode or cathode. 


_ B. Tracings from the fore-arm. 


The rates of interruption were the same as in A, About the same 
remarks apply as under III, B. 

In all cases results are less definite, and there seemed a more 
marked struggle between the dilating and the contracting mechanism 
with slow rates of interruption, hot per nae than with rapid 
stimulation. | 


Srmunation with THE Rotatina RHEOcoRD. 


A. Tracings from the finger. 

The rate of rotation of the rheocord could not be carried beyond 
about 6 revolutions per second without splashing of the fluid out 
of its grooves, and the resistance offered by the instrument allowed 
only oscillations of current through 1—2 milliamperes; the conditions 
were therefore not such as to give very positive results. Slight, 
slow dilatation, sometimes preceded by temporary contraction, was 
the usual result of this stimulation. 


B. Tracings from the fore-arm. 
The effect of the stimulation was to produce a temporary contraction, 
preceded by a latent period of several seconds, followed by a long- 


continued dilatation beyond the normal volume. Neither of these 
results was, however, — well-marked. 


VI. STIMULATION WITH THE dines canna BATTERY. 
A. Tracings from the finger. 


Currents could here be obtained of any desired intensity, though 
the rate of stimulation was necessarily low, varying between 1 stimulus 
in 4 and 3 in 1 second. ; 
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The first effect of each stimulation was to produce a contraction 
preceded by a latent period of 2—5 seconds, With weak stimulation, 
4—2 milliamperes, giving rise to feeble sensation, this initial contraction 
was slight and temporary, and gave way to a slight, gradual dilatation 
above the normal, which continued throughout the period of irritation 
and lasted for a considerable time after it. With strong, but not 
painful, stimulation, 3—6 milliamperes, the initial contraction was 
maintained throughout the closure of the circuit, the finger volume 
afterward gradually returning to normal. 

In stimulation of the finger vaso-dilation is the exception, and, 
other things being equal, dilatation was more likely to occur in the 
first than in the last half of an experiment; i.¢. the dilator seems more 
readily fatigued than the constrictor mechanism, and, moreover, is 
less under the control of electrical stimuli. Weak currents from 
the oscillating battery gave more constant results in the way of 
dilatation of the finger than any other form of stimulus applied by us. — 


‘VIL Execrricat STIMULATION PRODUCING RESULTS UNDOUBTEDLY 
REFLEX IN CHARACTER. 


Tracings from the fore-arm. 


In these experiments the left fore-arm was, as heretofore, inclosed 
in the cylinder. In our previous observations it was an open question 
as to whether the results obtained were due to direct irritation of the 
motor peripheral vascular apparatus, or to its indirect excitement 
through central nerve-cells. 

In the present experiments the stimulation was so applied as to 
leave no doubt that the changes in arm volume were caused in a 
reflex manner. 

The stimulus employed was the tetanizing induced current with 
about 30 interruptions per second. The electrodes were formed of 
moistened carbon plates, which in separate experiments were fastened, 1, 
on the right arm, 2, one on either side of the face, 3, on the lower, 
outer part of the right leg. 

There was no special difference in the results according to the 
place of stimulation, except that the latent period of contraction was 
longest when the electrodes were applied to the right leg. The 
results were almost identical with those caused by direct stimulation 
of the left ulnar nerve, and which have been already described. 
Strong stimulation brought about a decided diminution in the volume 
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of the arm within the cylinder. This contraction was preceded by 
a latent period of from 3 to 5 seconds, continued throughout the 
stimulation, and persisted for a number of seconds after its cessation. 
The contraction was succeeded by a dilatation beyond the normal, 
which after-action continued from 2 to 3 minutes. In fig. 10, Pl. VII., is 
represented a tracing taken from the left fore-arm, when the stimulating 
electrodes were held one in the right hand and the other on the 
corresponding fore-arm, The current was so strong as to finally 
cause the arm to ache. When the stimulation was of feeble or 
moderate intensity there was a more or léss distinct initial contraction 
preceded by the usual latent period, which persisted for a very 
variable time. This was followed, during the stimulation, by a 
dilatation considerably beyond the normal volume which remained 
for a longer or shorter period as.an after-effect. It is worth noting 
that the final return of the arm to its normal volume was commonly 
preceded by two or three alternations of contraction and dilatation 
of long period. Fig. 11, Pl. VIL, is taken from the tracing of an 
observation in which the electrodes were applied to either’ cheek ; 
the sensation felt was described as “distinct,” and slight contraction 
of the lip was produced. 


EFFECTS oF THERMAL AND MECHANICAL STIMULI. 
_Tracings from the fore-arm. 


Electricity is an abnormal form of stimulus, and the results from its 
use are complicated by its penetration into different forms of irritable 
tissues. Mechanical and thermal stimuli are, on the contrary, truly 
physiological in their character, and there is no question but that their 
reflex effects are due to action on sensory organs located in the skin. 
Our observations under this topic considered the reflex effects of wet 
and dry heat and cold, together with various forms of mechanical 
irritation of the skin. In determining the effect of thermal stimulation 
the person under observation at a certain signal dipped his bared arm 
up to the elbow into a glass cylinder filled with hot or ice-cold water, or 
simply laid it against the outside of the vessel. 

_ We can abundantly confirm the statements first made by Francois- 
Franck regarding the action of ‘cold water on the vaso-motor system. 
Cold applied to the right arm caused, after a latent period of eal 
3 seconds, a marked diminution in the volume of the left arm. 
This contraction lasted sometimes several minutes, sometimes but a 
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few seconds after cessation of the stimulation ; the long-continued after- 
action occurred as the effect of dry cold, and could not be attributed to 
evaporation from the skin. Occasionally the contraction just noticed 
was quickly succeeded by an excessive after-dilatation. Our general 
conclusions were that the amount of the contraction produced by the 
cold as well as its duration, and the nature and intensity of the after- 
action depended on the condition of the vaso-motor centre at the 
moment of stimulation; that is to say, the nervous apparatus appeared 
to go through periodic oscillations of irritability in which now the 
constrictor, now the dilator moiety was more easily affected. In two 

; succeeding observations the after-action might be in one case a rapid 

} and great dilatation, and in the other a long-continued contraction. 

: In estimating the reflex effects of heat the glass jar was filled with 
water heated to about 48° C., and the bared right arm was either — 
dipped into or laid against the outside of the vessel; the sensation 
thus excited was decidedly warm but not aneninietieble, 

The result of this stimulation was a slow, not very great dilatation, 
which frequently reached its maximum by a series of long waves having 
a period of 30—60 seconds. Vascular contractions differ nearly uni- 

| formly from the dilatations in the greater rapidity of the former. 

f ' The results of mechanical stimulation of the skin turned out to be 

unexpectedly complex in character, and sufficient experiments were not 

performed to formulate from them definite conclusions. The most 
constant effect was the after-dilatation, which quickly succeeded 
cessation of the stimulation. 

The stimulation consisted in gently tickling with the tips of the 
fingers the skin on the right arm of the observed person, more or less 

severe friction of the skin, and sharply slapping the surface with a 

leathern strap. In the first of a series of observations the stimulation 

was throughout accompanied by contraction, succeeded by an after- 

dilatation; but in subsequent observations, at least when gentle 

friction was the stimulus employed, dilatation came on during the 

The contraction appeared to be more ele the stronger and 
the more unexpected the stimulation. Very rough friction with strips 
of carpet tacked on a board had little effect of any kind. 

It is worth noting that when a heavy weight was suspended by the 

right hand, the muscles being strongly contracted and great fatigue 

induced, there was general diminution in volume during the effort, but 

a very great and long-continued dilatation after its conclusion. This 

after-action failed with repetition of the experiment, 
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SUMMARY AND CONCLUSION. 


The organs stimulated were, 1, the finger, by passage of electric 
currents directly through it; the vaso-motor mechanism here irritated 


was probably nearly purely that of the skin. 2, those tissues of the 


fore-arm to which the ulnar nerve is distributed below the elbow. 

The forms of electricity employed as stimuli were the induced 
current, the continuous galvanic current, the suddenly interrupted 
and the “oscillating” galvanic current. Lf 

There is no evidence of specific action of any of these forms of 
stimulus, except, —— that possessed by the continuous galvanic 
current, 

Rate of interruption and direction of current appeared to have, of 
themselves, no characteristic influence. 

The intensity of the stimulus, on the other hand, was of the greatest 
importance in determining the effects produced. Strong stimulation 
caused pronounced and long-continued contraction of the blood vessels, 
while weak or moderately strong stimulation was accompanied, after an 
initial, temporary contraction, by vascular dilatation. The nature and 
extent of the after-action appeared to depend more on the condition 
of irritability of the vaso-motor mechanism than on the strength or 
character of the irritation employed. The continuous galvanic current, 


when sufficiently strong to cause decided reaction, was uniformly ac- 


companied, particularly in stimulation of the finger, by marked 
contraction of volume. 

The results obtained from direct stimulation of the finger differed 
widely from those due to irritation of the ulnar nerve in the greater 
frequency with which simple contraction occurred in the first case, 
together with the comparative rarity of dilatation during stimulation 
or as an after-effect ; while in the second case dilatation both during and 
after stimulation was an usual effect. : 

The form of current which most readily produced dilatation of the 
finger was that termed by us the “oscillating galvanic,” while the 
continuous current brought about steady contraction. As regards — 
stimulation of the ulnar nerve, a much wider range of current intensity, 
as judged by the strength of sensation, could be employed with the use 


_ of the interrupted galvanic than with the induced current without 


exciting spasm of the skeletal muscles; and our results render 
probable the conclusion that the former acted more distinctively 
as a vaso-motor stimulus. 


* 
Es 
4 
¥ 
ag 
Fi 
/ 


a 
> 
| 
| 
a2 
&. 
| 
| 
& 
& 


JOURN. PHYSIOLOGY. 


a 
Fig. 1. 

¢ 


F 


7; 
V 


G5. 


\ 
/ \ a) 
om \ C 
3 / \ 
/ \ 
/ \ 
) 
\ 
N 
4 \ \/ 
i \ 
\ \ \ 
4 \ \ 
\ 
\ /a Gg 
q ¥ 
% 9 227 | 
4 
| SA 
Qa | | J 
| 
q Yj Yy Yi 
Fig.2 
fi 


VOL.XI.PLATE VI. 
: 


| = 2 
y 


| 
Fig.3. 
Y 
Gj CRUD On 
| 
Lith.& Imp. Csmb. Sei. Ir.at.Co. 


JOURN. PHYSIOLOGY. | 
Fig. 6 
Fig 


4 
4 
b 
4 
4 
§ 
> 
fig 


VOL. PLATEVIL. 


Fig 7 


Fig 10 


il 


Fig ll 


Lith.@ Imp. Camb. Sci. Inst Co. 


3 
wi 
wna 
Ry 
3 


PLETHYSMOGRAPHIC STUDIES. 207 


The most important conclusion to which these experiments lead is 
that the results, without exception, appear to be due not to direct 
excitement of the peripheral blood vessels or their motor nerves, but to 
reflex action through stimulation of sensory filaments. 

The reasons for this belief lie in the facts, 1, the results obtained 
seemed to run parallel not with the physical intensity of the stimulating 

‘current but with the strength of sensation excited by it; 2;the consider- 
able latent period, 2 to 5 seconds, which almost always elapsed between 
the application of the stimulus and the motor reaction ; 3, the fact that 
the same changes of volume were produced by feritations whose action 
was undoubtedly reflex in a: 


"DESCRIPTION OF FIGURES. 


The tracings should be read from left to right; the dashes upon their lower 
lines indicate seconds of time, and the unmarked interval the duration of the 
stimulation. For description see text. 
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ON THE CONDITIONS OF TEMPERATURE IN NERVES > 


(I) DURING ACTIVITY, (II) DURING THE PROCESS 
OF DYING. By HUMPHRY D. ROLLESTON, M.A, MB., 
M.RCP., Fellow of St John’s College, Cambridge. 


(From the Physiological Laboratory, Cambridge.) 


Introductory. 


Tus paper is divided into three parts. (i) A description of the 
instrument used in this research written by the inventor. (ii) On the — 
question as to whether there is any evolution of heat from a nerve 


_ during the passage of a nervous impulse and (iii) As to the production 


of heat in a nerve during the process of dying. The conclusions of 


Parts II. and III. are placed at the end of those sections. 


It is my pleasant duty to record my debt of gratitude to Mr 


Callendar for his most ready help and for many kindnesses 


extended to me during this research. I also thank my friend Mr 
Wingfield for his skilful assistance in many of the experiments per- 
formed. 


PART L 


An account of the instrument used for measuring temperature. 
Electrical Resistance Thermometer. By H. L. Can.enpar, 


Fellow of Trinity College, Cambridge. 


The principle upon which these thermometers depend is that the 
electrical resistance of a metal wire varies approximately as its tempe- 
rature, 

The resistance of pure platinum increases about one-third between 
0’ and 100°C. Since the resistance of a wire can be very easily 
measured and is always the same at the same temperature (within 
certain limits), very accurate and sensitive thermometers may be made 
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on this principle’. The following is a description of the instruments 
used in this investigation. | 
Construction. Each thermometer consisted of five centimeters of 
very fine and pure platinum wire, one thousandth of an inch in 
diameter, having a resistance of 8 Ohms at 0° C. The wire was wound, 
as shown in the annexed figure, on a thin -plate of mica about 


=| —— 


8 


Thermometer magnified ten linear. 


three millimeters square, and its ends were soldered to fine copper 
electrodes, one of which was double. The whole was insulated by 
applying thin plates of mica to either side with suitable wax. The 
total thickness of the sensitive portion of the thermometer was three 
tenths of a millimeter, its superficial area twenty square millimeters, and | 
its mass about four milligrams. 
A. thermometer constructed in this way has a very small thermal 
- capacity and a relatively large surface. It is consequently very sensitive 
to changes of temperature in any tissue with which it is in contact. 
Apparatus for measuring the resistance. The resistance was mea- 
sured on the Wheatstone Bridge, or Balance, principle, using a sensitive 
mirror-galvanometer and a wire bridge of special pattern. The bridge 
was so arranged that its graduations corresponded directly to degrees of 
temperature, the length of a degree centigrade on the scale being 47 
millimeters. It was only necessary, in order to observe a temperature, — 
to find the balance with a sliding contact piece and then to read off its 
position on the bridge wire. The various parts of the measuring 
apparatus were so devised and connected as to avoid the necessity of 
making any calculations or reductions; and in addition to this, all the 
minor corrections, for changes of temperature of the surrounding air 
and changes of resistance in the connecting wires, were automatically 
eliminated. 
1 Callendar, Phil. Trans, 1887, A, p. 161. 
14—2. 
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Differential arrangement. By using two similar thermometers, 
placing them under similar conditions and balancing them against each 
other, it was possible to eliminate all extraneous influences, such as 
would affect both equally. Small changes of temperature in either of 
the thermometers, such as might result from stimulation of the nerves 
under observation, could then be very readily followed by simply 
observing the difference of temperature between them. 

Sensitiveness. A mirror-galvanometer of the ordinary pattern, having 
a resistance of about 7 Ohms, was used for finding the balance and 
observing the small changes of temperature. The mirror was adjusted 
so as to be very nearly ‘dead-beat,’ and a microscope with a micrometer 
eyepiece was used for reading its deflections. By adjusting the control 
magnet it was easy to make the galvanometer so sensitive that a deflec- 
tion of one scale division corresponded to one thousandth of a degree 
centigrade when the battery current through each arm of the bridge 
was only from two to three hundredths of an ampere. It was possible 
_ to estimate with some precision to a fifth of a scale division, so that a 
change of one five-thousandth part of a degree was distinctly appreciable. 
By using an astatic galvanometer with a quartz-fibre suspension it would 
have been possible to make the apparatus from ten to a hundred times 
more sensitive. But this would have been a doubtful advantage ; for it 
was found that, with a sensitiveness of only one division to the thousandth 
of a degree, the chief difficulty lay in getting the temperature conditions 
sufficiently steady to admit of readings being taken. 

The accuracy, sensitiveness, and perfect insulation of the thermo- 
meters were repeatedly tested during the progress of the investigation. 


PART IL 


On the question as to whether there is any evolution of heat 
during the passage of a nervous impulse. 


This investigation was undertaken to determine whether there is 
any evidence of an appreciable amount of heat being evolved from the 
trunk of a nerve during the passage of a nervous impulse. 

In the case of a muscle the results of stimulation’ are alteration in 
its electrical condition and the discharge of energy as evidenced by 
change of form, work done and heat evolved. Chemical examination 
throws light on the nature of the metabolism occurring in muscle. 

A like metabolism might be inferred in “nerve, since the nervous 
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impulse and the muscular contraction have this in common; viz. that 
they are both accompanied by similar alterations in their electrical 
conditions. But it must be remembered that included in the muscular — 
contraction are (i) the series of events which is called the muscle impulse’, 
and (ii) the change of form or contraction of the muscle. It woula 
appear that the electrical change in the muscle is the result of the first 
of these two, whereas the evidence as to metabolism and evolution of 
heat is derived from the second event, namely the contraction. 

Until, therefore, it is shewn that metabolism and evolution of heat 
accompany the muscle impulse as well as the wave of contraction 
the analogy between muscle and nerve in this respect cannot be 
considered to hold good. 

In considering this question it should be remembered that quoad 
contraction or impulse the setting free of heat is a waste. 

In the case of muscular contraction the amount of heat evolved is 
sufficiently large to be of use in the economy; and hence there is a 
limit to the attempt to economise the energy wasted as heat. 

In nerve on the other hand, assuming heat to be evolved, the quantity, _ 
even at a maximum, would be so small as to be practically useless to the — 
economy at large. Hence there would be nothing to counteract the 
strivings of evolution to turn the energy of nervous impulse as wholly 
as possible into impulse, leaving as little as possible as heat. 

Hence probably not only is the energy of nerve metabolism much 
less than that of muscle, but of that small total a much smaller fraction 
is wasted as heat. | 


Bibliography. 

The question as to whether heat is set free during the passage of a 
nervous impulse was attacked as long ago as 1848 by Helmholtz*. 
This observer working with a thermopile and using the two sciatic 
nerves of a frog failed to find any evidence of heat being evolved from a 
nerve during the passage of a nervous impulse along it. His instrument 
was sensitive to z;5th of a degree centigrade. 

Heidenhein’® repeated these experiments with a similar result. 

Ochl* and Valentin’ using much the same method obtained 


1 Foster, Physiology, Vol. 1. p. 125. 

2 Miiller’s Archiv Anat. u. Physiol. 1848, s, 158. 

3 Studien d. physiolog. Institut zu Breslau, tv. s. 250, 1868. 
* Gaz. med. d. Paris, p. 225, 1866. 

5 Archiv f. pathol. Anat. xxvut. 8. 1, 1863. 
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evidence pointing to the production of heat during the passage of a 
nervous impulse. | 

Schiff! working with warm-blooded animals obtained a positive 
result, He likewise employed a thermopile. He used nerves of cats, 
rabbits and white rats. 


Method. 


The invention of an apparatus for measuring temperature on the 
absolute scale by changes of the electrical resistance by H. L, Callendar, 
Fellow of Trinity College, Cambridge, opportunely provided a thermo- 
metric apparatus of extreme delicacy. 

The thermometers were kept under a bell jar and were carefully 
protected from changes of temperature in the room by arranging a 
screen of green baize over the bell jar. 

As the thermometers were used differentially, care was taken to 
keep them under precisely similar conditions. 

Before an experiment they were both immersed in water to insure 
their being of equal temperatures. The whole apparatus was tested 
before beginning an experiment to see that it was in proper working 
order and that it was perfectly insulated. 

The thermometers were so fixed as not to touch any surrounding 
substance, and nerves were wound round each of them so as to make 
their conditions as much alike as possible. The nerves were moistened 
with drops of saline solution, and care was taken to add as nearly as 
possible drops of the same size, so as to prevent there being any 
difference in the amount of evaporation. The nerves were twisted 
round the most sensitive parts of the thermometers, viz. the free ends, an 
equal number of times. The nerve on the smaller of the two thermo- 
meters was carried over stimulating electrodes leading off from a coil 
arranged for giving rapidly interrupted shocks.- The nerve was allowed 
to lie in a loose loop between the thermometer and the stimulating 
electrodes and again between the electrodes and the piece of spinal cord 
to which the nerve was attached. In this way strain to the nerve was 
guarded against. 

The nerve to be stimulated had left in “continuity with it a 
muscle (the gastrocnemius), so as to provide proof of its irritability. 


‘The muscle was carefully covered by an arrangement of glass slides 


to prevent the possibility of any heat passing from the muscle to the 
thermometers. The nerve near the muscle was carried loosely on to 


1 Archiv d. Physiolog. normal et Patholog. p. 157, 1869. 
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the thermometer, and hence there was no shifting of the nerve on the 
thermometer when from tetanization “ the nerve the muscle con- 
tracted. 

The two thermometers were by blotting paper 
moistened with normal saline solution so as to prevent unequal evapora- 
tion from their surfaces and from the nerves lying on them. 

By cautiously looking through the curtains of green baize over the 
bell jar the condition of these arrangements and-the state of irritability of 
_ the muscle-nerve preparation could be easily observed. 

In many experiments however the vitality of the nerve was deter- 
mined by observing the “natural nerve current.” The nerve after 
being wound round the smaller thermometer was placed in contact with 
the terminals of two non-polarisable electrodes which led off to a 
galvanometer, a key being interposed in the circuit. These electrodes 
were always carefully tested to see whether there was any current 
produced by their contact, and if so to determine the amount and 
distinguish it from the “natural nerve current.” The occurrence of 
“negative variation” of the “natural nerve current” was used as 
evidence of the vitality of the nerve in some experiments. 

By these means the necessity for having the muscle attached to the 
nerve was avoided. 

Muscle-nerve preparations and nerves (sciatic) from the frog were — 
used, on a few occasions similar preparations from tortoises were em- 
ployed. 


Sensitiveness of the galvanometer. 

A movement of the sliding galvanometer contact along the bridge 
wire for a distance of one millimeter produces the same effect as an 
alteration in temperature of J,th C. 

The sensibility of the galvanometer can thus be easily determined. 
For example if a movement of the sliding contact through one millimeter 
on the bridge scale produces a deflection of ten millimeters on the 
micrometer scale as observed through the eyepiece, then a deflection 
of the index of the galvanometer mirror for one millimeter on the 
micrometer scale in the eyepiece is evidence of a change of temperature 
of C. 

Deviations of the index of the galvanometer mirror can be estimated 
through fractional parts of one millimeter on the micrometer eyepiece. 
Thus if a movement of the index through jth of a millimeter on the 
micrometer eyepiece can be with certainty detected, and a deflection of 
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one millimeter.is equivalent to z},th C., the galvanometer is sensitive — 
©. 
By adjustment the galvanometer can be made very much more 
sensitive; for example, movement of the sliding contact for one millimeter 
on the bridge scale produced a deflection of 50 millimeters on the 
micrometer eyepiece scale, therefore a deviation of one millimeter of the 
index of the galvanometer mirror on the micrometer eyepiece scale 
represented an alteration in temperature of ys45th C., and if a deviation 
of the index of the galvanometer mirror through 4th millimeter can be 
certainly detected the galvanometer is sensitive to 7;},qth C. 
; With this high degree of sensibility the galvanometer becomes less 
- easy to work with, as very slight differences in the amount of evapora- 
i i from the two thermometers produce deviations of the index of the 
vanometer mirror so considerable as to render the balance difficult to 
keep for more than a brief period. This difficulty however was met by 
immersing the thermometers in cups of salt solution (vide Part II). 
The degree of sensibility which was usually maintained in the course of 
this research was such that a deflection of the index of the galvanometer 
mirror through one millimeter was equivalent to an alteration in tempe- 
rature of z94,;th C. and the galvanometer was considered sensitive to 
C. 


As to the question of thermic change during the passage of 
a nervous impulse. 


A number of experiments were tried but in no case was there any 
evidence of there being any evolution of heat from the trunk of a nerve 
during the passage of a nervous impulse along it. The impulse was 
generated by stimulation of one end of the nerve by an interrupted 
current. The portion of nerve through which the current passed was 

only two millimeters long, and was some way from the thermometer. 
Passing the current through a thread arranged like a nerve with relation 
to the stimulating electrodes and the thermometer shewed that no heat, 
_evolved by the passage of the interrupted current through the thread, 
was conducted to the smaller thermometer. If however the nerve or 
thread was wound round the smaller thermometer and the electrodes in 
such a way as to approximate them closely without producing contact, 
evidence of heat was obtained under the conditions of the experiment 
described below, which shews the necessity for care in the arrangement 
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of the stimulating electrodes, the nerve and the thermometer, and the 
possibility of a fallacious deduction from errors in this arrangement. 

Let the nerve be laid on the smaller of the two thermometers and 
let the stimulating electrodes be placed on the nerve, so as not to be in 
actual contact with the thermometer, but separated from it only by the 
nerve. Then wind the nerve round the thermometer and the stimu- 
lating electrodes. On stimulation with weak and moderate currents no 
effect is produced, but as the secondary coil is pushed up over the 
primary coil an increasing deflection of the index of the galvanometer 
mirror is noted. This deflection is due to an alteration of temperature, 
and the alteration is in the direction of increased temperature. On 
cutting off the stimulating current the deflection of the index of the 
galvanometer mirror disappeared and evidence of cooling therefore was 
obtained. This experiment on an irritable muscle nerve preparation 
was repeated on a dead nerve and on a moistened thread, in both cases 
similar results were obtained. 


Example. Experiment, July 26. 


Galvanometer’s sensibility, deflection of the index of galvanometer mirror 
through one millimeter on micrometer eyepiece equivalent to alteration of — 
ric. 
Technology. Similar moistened threads obtained from lamp wick on the 
two thermometers. The thread on the smaller thermometer twisted round it 
and the stimulating electrodes, so as to bind them close together though not 
in actual contact. Interrupted current sent in at intervals. 


(i) Secondary coil at mark 50. No deflection of index of mirror. 


(ii) » 92. No deflection. 
(iii) » 20. No deflection. | 
(iv) » » 10. Deflection of 2 millimeters on* micro- 


meter eyepiece scale, disappearing when 
| current was cut off. 

(v) sf » 9 9% Deflection of 10 millimeters during 
passage of current, which disappeared 
on cutting off the current. 

(vi) i » 9» 1. Deflection of 25 millimeters during 


passage of current, which disappeared 
on cutting it off. 


Here with the secondary coil over the primary evidence of alteration 
of j, C. in temperature was obtained. This alteration was due to 
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production of heat between the stimulating electrodes, the thread and 
the smaller thermometer and is a purely physical effect. Had it oc- 
curred in the case of a nerve and had no notice been taken of the 
arrangement of the electrodes, nerve and thermometer it might have 
been referred to metabolic processes taking place in the nerve as sis 
result of the passage of a nervous impulse through its trunk. 

In experimenting to see whether any heat was evolved from a 
nervous trunk during the passage of a nervous impulse the following 
method was pursued. A nerve was placed on each thermometer and 
wound round the sensitive ends. The nerve wound round the smaller 
thermometer was carried loosely over a pair of stimulating electrodes, by 


means of which a rapidly interrupted current was sent through the 
nerve at that point. 


Example. Aug. 6, 1889. 


Nerve of a muscle-nerve preparation from frog twisted round smaller 
thermometer and carried over stimulating electrodes, the muscle was covered 
by an arrangement of glass slides and the whole was freely surrounded with 
moistened blotting paper. | 

A second nerve was wound round the sensitive end of the larger ther- 

_ The galvanometer was sensitive to the extent that movement of the index 
of the mirror through one millimeter on the micrometer eyepiece corre- 
sponded to an alteration in temperature of s)5, O. 

Interrupted current employed for stimulating the nerve. The secondary 

coil being at mark 12. 


Balance obtained. Index of mirror steady at 25 on micrometer eyepiece 
scale. 


Stimulation of nerve for 15 seconds. 
No deflection of index either during the passage of current through 
end of nerve or after its being cut off. So no evidence of any 
_ thermic change in the trunk of nerve on an interrupted current 
being passed into or cut off from the end of the nerve. 
Both after and before the experiment the nerve was shewn to be irritable 
by the fact that the muscle attached to it contracted on stimulation. 
Stimulation of nerve for 15 seconds. Secondary coil at mark 10. 
No deflection of index. Muscle-nerve preparation irritable. 
Stimulation of nerve for 15 seconds. Secondary coil at mark 6. 


No deflection of index during or after stimulation. Muscle-nerve 
preparation irritable. 
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Stimulation of nerve for 30 seconds. Secondary coil at mark 6. | 
No deflection of index. Muscle-nerve preparation becoming exhausted. 
Experiment stopped. 


From the series of experiments of which this is an example it appears 
that there is no evidence of even x,4,,th C. of alteration in tempera- 
ture of a nerve during the passage of a nervous impulse through it. 

Experiments were conducted in which @ criterion of the vitality of 
the nerve was provided by the existence of the “ natural nerve current” 
or by the “negative variation” of that current on stimulation. In no 
case was there any deflection of the index of the galvanometer either 
during or immediately after stimulation of the nerve by an interrupted 
current. Had there been any evolution of heat during stimulation 
there would have been a deflection in the direction pointing to increased 
temperature, followed by a deflection due to subsequent cooling when 
the stimulating current was cut off. The index remained perfectly 
steady and no evidence was obtained of any alteration of temperature 
either during or immediately after stimulation of the nerve trunk. 
The nerve being shewn to be alive by the “natural nerve current” or 
by the appearance of “ negative variation” on stimulation. 

Prolonged stimulation with a strong current tends to kill the nerve, 
and the process of death gives rise, as will be seen in the third part of 
the paper, to evolution of heat. But in the latter case the evolution of 
heat is constant and continued, not appearing and disappearing with 
the stimulus, as it would do supposing it to be an accompaniment of the 
nervous impulse thus generated. 

In the experiments now under consideration, however, the stimulus 
was applied for a period of 15 seconds, occasionally for 30 seconds, and 
weak or moderate currents were employed. Thus when stimulating the 
nerve to make it functionally active care was taken not to produce the 
metabolic phenomena of death. 

To sum up; During the passage of a nervous impulse there is no 
evidence of [even x¢;5th C.] any heat being evolved from the nerve 
trunk. 


PART IIL. 


As to the production of heat in a nerve during the process 
of dying, 


When it became evident that there was no appreciable amount of 
heat evolved from the trunk of a nerve during the passage of a nervous 
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impulse it seemed advisable to try and find out whether there was ris 
evidence of thermic change during the process of dying. 

Whatever the nature of the changes taking place during the passage 
of a nervous impulse, there can be but little doubt that in the process of 
dying nervous tissue must undergo a metabolism with attendant chemi- 
cal changes and liberation of heat. It seemed desirable therefore to see 
whether any evidence of chemical change was forthcoming as shewn by 
the evolution of an appreciable amount of heat. 

When a fresh irritable nerve is placed on the smaller thermometer 
and a dead nerve or a thread moistened like the first-mentioned nerve 
on the other; the temperature of the smaller thermometer is seen to 
be thereby modified. At first the temperature rises, shewing that heat 
is being evolved in connection with the smaller thermometer, then — 
reaches a maximum, which may be maintained for some time, cooling 
then sets in and gradually progresses until the temperature of the two 
thermometers becomes equal. 

From the extreme susceptibility of the thermometers to any change 
of temperature any slight difference in the amount of evaporation taking 
place from their surfaces produces considerable effects. The presence of 
a source of error such as this invalidates experiments where it is 
necessary to observe the temperature continuously, As this applies to 
the problem under consideration the results obtained by experiments so 
conducted, though useful as an indication, are not reliable enough to 
base a decision on. 

Attempts were made to eliminate this source of fallacy. Both 
thermometers, with a living nerve on the smaller and a dead nerve or a 
thread on the larger, were enclosed in a kind of tent made of moistened 
blotting ‘paper supported by a framework of wire. This plan however 
was not successful in preventing unequal evaporation from the surfaces 
of the two thermometers, as was shewn by oscillations of me index of 
the galvanometer mirror. 

Finally a plan was adopted which seemed calculated to insure equal 
evaporation from the two thermometers. With this arrangement there 
were no oscillations of the index of the mirror such as seemed above to 
denote inequalities in the amount of evaporation from the two ther- 
mometers. 

Method. Two small cups were made out of glass tubing. Each cup 
was thus constituted: one end was drawn to a point and being closed 
served to fix the cup into a piece of cork. The rest of the cup was 
flattened in the blow-pipe flame so as to make the cavity of the cup 


5 
ne 
+ 
4 
~ 
He 
ane? 
i 
a 
i 4 
3 
te 
3 
‘ 
q it 
4 
3 
~ 
= 
34 


TEMPERATURE IN NERVES. 219 


roughly fit the flat thermometer. The cavity of the cup was diminished 
as much as was compatible with the free introduction of the sensitive 
end of the thermometer with the nerve coiled round it. The sensitive 
ends of the thermometers were placed in the cups and the cups were 
filled up with normal saline solution. The two cups were made of as 
nearly the same size as possible. The cup, into which the smaller (or 
shorter) of the two thermometers was introduced, weighed when empty 
at_ a temperature of 64 Fahr. ‘2003 gramme. To obtain the weight of 
- the normal saline solution contained in the cup at the same time as the 
thermometer, the cup was filled with normal saline solution and the 
thermometer introduced and removed, some saline solution was thus 
displaced. The cup with the remaining salt solution weighed °2800 
gramme, the weight of the salt solution in the cup was therefore ‘0797 
gramme. The amount of salt solution displaced by the nerve which was 
wound round the end of the thermometer was neglected. So the weight 
‘0797 gramme is in excess of the amount of salt solution which has to be 
heated up as well as the thermometer by any heat evolved from the 
nerve. 

Thus by immersing the sensitive ends of the thermometers in salt 
solution the fallacy arising from possible differences in the amount of 
evaporation from the two thermometers was avoided. 

Another advantage is that since the amount of salt solution is known 
the quantity of heat dissipated by heating it as well as the thermometer 
can be determined. While when a nerve is simply placed on the 
thermometer and the surrounding medium is air, there are no data for 
calculating the amount of heat lost. In this latter case heat would be 
lost by convection and by radiation. 

With the thermometer and the nerve wound nin’ it immersed in 
the cup containing salt solution, any heat evolved from the nerve has to 
heat up the salt solution, the glass of the cup and the thermometer. 
The cup being fixed into cork it is unlikely that any appreciable amount 
of heat is lost by conduction. Radiation is reduced to a minimum or 
prevented by the glass wall of the cup. 

The irritable nerve was carried from the sensitive end of the small 
thermometer and passed over the terminals of two non-polarisable 
electrodes which led off to a galvanometer, a key being placed in the 
circuit. The “natural nerve current” thus obtained gave evidence as to 
the life of the nerve. Although the nerve inside the cup and the part 
of it on the non-polarisable electrodes do not necessarily die at the same 
time, life in the part on the electrodes was taken as evidence of the 
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vitality inside the cup; for being more exposed, the nerve on the 
electrodes probably dies first. The nerve on the non-polarisable elec- 
trodes was cautiously moistened and pads of moistened blotting paper 
were placed in its neighbourhood so as to sustain its vitality. Care was 
taken in adding-salt solution to the nerve, lest by adding too much the 
“natural nerve current” should be short circuited. The nerve was also 


passed over stimulating electrodes in connection with a coil arranged for — 


giving rapidly interrupted shocks. To equalise the making and breaking 
shocks Helmholtz’s side wire was employed. By stimulating the 
nerve “ negative variation of the natural nerve current” was obtained 
and could be utilised as evidence of the vitality of the nerve. By pro- 
longed stimulation with a strong current the process of dying could be 
hastened. | 

In some of the experiments on the evolution of heat from a nerve 
during the process of dying the “ natural nerve current” was used as a 
criterion of the life of the nerve, in others evidence on this point was 
supplied by the occurrence of “ negative variation of the natural nerve 
current” on stimulating the nerve. 

The amount of the “natural nerve current” and the alterations in 
temperature of the smaller thermometer were recorded respectively by 
readings taken at intervals of one or more minutes. From such records 
curves can be constructed shewing alterations from time to time. The 
amount of the “natural nerve current” is recorded by the deflection of | 
the galvanometer as read off on the scale. The alterations of tempera- 
ture in the smaller thermometer are registered by noting the movements 
of the sliding contact along the bridge-scale (made in order to keep the 
balance) measured in millimeters. A movement of the sliding contact 
through one millimeter on the bridge-scale represents an alteration in 
temperature of j-th C. as regards the smaller thermometer. 

The intensity of the “natural nerve current” from that portion of. 
the nerve on the non-polarisable electrodes and the amount of heat 
evolved from the part of the nerve on the sensitive end of the smaller 
thermometer in the cup shewed a correspondence between their curves ; 
the evolution of heat as measured by the temperature of the smaller 
thermometer being greatest while the “ natural nerve current” was most 
marked. But this relation is not constant absolutely. . 

Before an experiment the balance between the two theeticitoeters 4 is 
found and noted. Any alteration in the position of the sliding contact 
which is subsequently required to maintain the balance can then be read 
off in millimeters or fractions of millimeters. Suppose the balance 
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before the commencement of the experiment to be sustained by contact 
at 500 mm. and that after the experiment is started the sliding con- 
tact is at 510 in order to maintain the balance; there has therefore 
been an increase in the temperature of the smaller thermometer of 
th C. 
’ The living nerve is passed over the smaller thermometer cael 
in the cup, the stimulating electrodes and the electrodes from the 
galvanometer. A dead nerve or a thread is similarly wound round the 
larger thermometer, which is also immersed ina cup. The balance is 
then again found by means of moving the sliding contact, and evidence 
of increased temperature in connection with the smaller thermometer is 
found. 

Now this heating up of the smaller thermometer when the living 
nerve is wound round it may conceivably be due to several causes. 

(i) It may be apparent rather than real, more evaporation taking 
place from the larger thermometer than from the smaller; the smaller 
thermometer would therefore appear hotter than its fellow. As men- 
tioned above it is believed that immersing the sensitive ends of both the 
thermometers in cups of salt solutions has eliminated this source of 
error. 

(ii) To manipulation of the smaller thermometer when the nerve is 
wound round it, As, however, the thermometer is not touched except by 
the nerve and by a pair of forceps, and as any transient warming such 
as this would have disappeared by the time the observation is made 
(vide next paragraph), this may be neglected. 

(iii) That apart from any heat due to the metabolism of dying the 
nerve heats up the thermometer by conduction. The frog is a cold- 
_ blooded animal, with its temperature about ‘'3—‘5 C. above that of the 
surrounding medium. It is conceivable that the nerve being ‘5 C. hotter 
than the thermometer, which of course is at the same temperature as 
the air, would raise the temperature of the smaller thermometer. 

The thermometers, however, if heated up, very rapidly become of the 
same temperature as the surrounding medium, as shewn in the following 
experiment. The two thermometers were put in the cups filled with 
salt solution and found to balance at 49°8 centimeters, as shewn by the 
sliding contacts. A few drops of hot water were put on the smaller 
thermometer, the temperature of which very rapidly rose and then 
fell again, 
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Balance on bridge- 
Time scale 
2.53 p.m. 49°8 centimeters ; or equality of aa, ass of two thermometers. 
Drops of hot water 
added 


2.54 p.m. 55°5 centimeters; increase of temperature of small thermometer 
of 57 millimeters (1 mm. = 7, C.). 

2.55 p.m. 52° centimeters; increase of temperature of small thermometer 
of 22 millimeters, 

2°56 p.m. 50:2 centimeters ; increase of temperature of small ica 
of 4 millimeters. 

2.57 p.m. 49°8 centimeters ; or equality of temperature of two thermometers. 


Here the transient heating up of the smaller thermometer very 
rapidly disappeared. 

In the above experiment the balance between the two thermometers 
when under similar conditions, viz. in cups of salt solution, was found at 
49'8 centimeters instead of at 50 centimeters as is normal, this was 
possibly due to some slight accidental change in resistances. — 

It is possible that some part of the rise in temperature of the smaller 
thermometer is due to heat evolved from the nerve, but if this was the 
only factor concerned the rise of temperature would be very transient. 
A continued rise of temperature of the smaller thermometer cannot be 


thus explained. This can only be accounted for by a continual and 


increasing evolution of heat. 
A continued evolution of heat, if not at the same time increasing, 
may be accompanied by a fall of temperature, as in the following 


experiment. 


Aug. 13th, 1889. Experiment started as described in method. 
[Before experiment contact at 50¢.m.; for convenience taken as 0.] 


Time. Time. 
9.1 p.m. 185 mm, 9.8 p.m. 16°75 mm. 
9.12 ,, 15°25 ,, 
etc, 


Here, when the temperature of the smaller thermometer is at first 
considerably raised and afterwards falls slowly, there is no proof that the 
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rise is due to differences between the initial temperature of the frog’s 
nerve and that of the smaller thermometer, but may very well be due to 
heat evolved during the process of dying but not in increasing amounts. 

Again, as the frogs when alive were kept in a jar with water in it and 
the thermometers are at the temperature of the room (and of salt 
solution in which they are immersed) the probabilities are that the 
initial temperature of the frogs’ nerves is not higher than that of the 
thermometer. 

(iv) Evolution of heat due to metabolic processes attendant on the 
death of the nerve. A rise of the temperature of the smaller thermo- 
meter when the nerve is wound round it, succeeded by a continual rise, 
can only be due to a continued evolution of heat in connection with the 
smaller thermometer. 

Now with both thermometers in precisely similar conditions except 

that the nerve round the smaller is living or beginning to die, the 
sustained higher temperature of the smaller thermometer can only be 
explained by the continued evolution of heat from the nerve in contact 
with that thermometer. 
_ The evolution of heat is shewn by the increased temperature of the 
smaller thermometer, which may either rise, remain stationary or fall 
slowly. As shewn above a slow fall is quite consistent with a continued 
though diminishing evolution of heat, and is in marked contrast to the 
temperature curve produced by putting a few drops of hot water on the 
small thermometer ; in which case the rise and fall were both extremely 
rapid. 

In all experiments where a living nerve or one dying is wound round 
the smaller thermometer (other precautions as described in the text 
being observed) there is evidence of evolution of heat. In some cases 
the temperature continues to rise for a short time and then slowly— 
never rapidly—falls, In other cases the temperature rises for a rather 
longer time and then falls slowly. The difference is probably due to 
nerves from frogs in different conditions of health and vitality dying at 
different rates. The way in which the nerve is dissected out too would 
probably make a considerable difference. 

A detailed account of an experiment which is a typical example of 
the series performed on the evolution of heat during death of the nerve, 
is given below. : 

Aug. 13th. Both thermometers in cups filled up with normal saline 
solution, a thread wound round the larger thermometer and a fresh sciatic 
nerve from a frog wound round the smaller thermometer. The nerve was 
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then laid across the terminals of two non-polarisable electrodes which led 
off to a galvanometer, a key being introduced in the galvanometer circuit. 


By this means the natural nerve current could be observed and reading 


taken from time to time. This natural nerve current served as a 
criterion of the vitality of the nerve. Before the nerve was put in 
position, sliding contact was at 50 cm. or r for convenience it — be taken 
as 0 ane nerve in position. 


Position of Amount of Position of | Amount of 
Time sliding § “natural nerve Time. sliding § ‘natural nerve 

contact, current,” contact. current,” 
1.6 p.m. 1.21pm. 6°25 mm 2°4 
2 1.22 ,, 6°25 ,, 2:3 
$5 ,, 2°2 6°25 2°3 
ia 45 ,, 2°3 1.24,, 2°25 
1,10 ,, 2°4 1.25 ,, 2-2 
1.11,, 2°4 1.27 ,, 2°1 
1.12 ,, 6°25 ,, 2°5 1.28 ,, 5°75 ,, 2-1 
65 ,, 2°55 1.29 ,, 5°75 ,, 21 
1.14,, 2°55 1.30 ,, 5:75 ,, 2°1 
2°5 1.31 ,, 55 ,, 2 
1.16 ,, 2°5 1.32 ,, 55 ,, 2 
it 2°5 1.38 ,, 55 ,, 2 
1.18 ,, 65 ,, 624 1.38 ,, 55 ,, 2 
Lid, 2°4 0 
1.20 ,, 65 ,, 2°4 4,25 ,, aos 


In this experiment heating up of the thermometer in contact with 
the dying nerve takes place from the commencement of the observation. 


The maximum is reached, maintained for some time, and succeeded by 


a slow fall. The maximum temperature is represented by a movement 
of the sliding contact through a distance of 7 millimeters along the 
bridge-scale. Now a movement through one millimeter represents an 
alteration in temperature of J,th C. The movement was in the direction 
of increased temperature. Therefore there is a rise of temperature of 
more than }th C. This alteration in temperature, the amount of salt 
solution 0797 gramme, the weight of the glass cup ‘2003 grammes, the 
specific heat of glass "198 and the duration of the period during which 
the temperature of the smaller thermometer is raised, constitute the data 
for approximately calculating the amount of heat evolved from a definite 
portion of nerve in the process of dying. 

The curves of the increased temperature of the smaller thermometer 
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and of the amount of the “natural nerve current” vary nearly directly. 
This correspondence is striking, and tends to prove that (1) alterations in 
the temperature of the smaller thermometer are due to metabolism in 
the nerve around it, and (ii) that the evolution of heat varies with the 
vitality of the nerve. For the evolution of heat varies with the vitality 
of that part of the nerve which lies on the non-polarisable electrodes and 
so probably with the vitality of that’ part of the nerve which is coiled 
round the thermometer. 
Conclusion. In dying a nerve evolves heat. In many cases in 
sufficient quantity to raise the temperature of the thermometer in 
contact with it }th C. 

The evolution of heat roughly corresponds with the intensity of the 
natural nerve current; this however is not constant absolutely. 

There is some evidence to shew that nerves die at different rates. 
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A COMPARATIVE STUDY OF ARTIFICIAL AND 
NATURAL DIGESTIONS. By A. SHERIDAN LEA, 
Se.D., University Lecturer in Physiology, Fellow of Gonville 
and Caius College. 


(From the Physiological Laboratory, Cambridge.) 
Introductory. 


than twenty years ago Kiihne pointed in the clearest. 
way that digestion in the alimentary canal takes place under conditions 
very different from those which exist in the case of artificial digestions 
in flasks and beakers. He expressed the opinion that the normal 
conditions might not perhaps all be capable of imitation in artificial 
digestions, but that an important work lay before the physiological 
chemist in busying himself with some attempt in this direction. 

Taking the stomach as a typical organ we have in normal gastric 
digestion the following factors which are wanting in artificial digestion 
as usually carried on, viz. (1) constant movement of the contents, (2) 
constant removal of the digestive products, (3) continuous addition of 
fresh portions of digestive fluid. The importance of the above in 
determining the rapidity and completeness of digestion can scarcely be 
over-estimated. The constant movement keeps the food thoroughly 
mixed with the digestive fluid; it disintegrates the solid particles of 
food as fast as they are rendered less coherent by the commencing 
solution of some of their elements; it facilitates the absorption of the 
digestive products, and it may supply, though to a less extent than was 
at one time supposed, a mechanical stimulus for the continued secretion 
of gastric juice. The removal of digestive products which takes place 
at a rate nearly equal to that of their formation is of even greater 
importance, for these products are chemically inimical to the further 
action of the ferments, and the concentration of the digestive mixture 


1 Lehrb. d. physiol, Chem. 1868, Sn. 39, 51, 52. 
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resulting from their removal probably enables a comparatively small 
mass of digestive fluid to dissolve an absolutely large mass of food. 

Finally, there is but little doubt that the successive portions of diges- 
tive fluid which are continuously being added are not of constant and 
uniform composition, but vary in quality and amount in accordance with 
the nature and quantity of the food to be digested, as if the stomach 
were possessed of a sort of “chemical intuition’”. The conditions 
under which normal digestion takes place obviously do not exist in 
artificial digestions as usually carried on, and it was with a view to a 
closer imitation of the more important factors of the normal in an 
artificial process that the present work was begun. 

The apparatus employed is shown in the accompanying figure, and 
may be described as follows: (a) is a cylindrical glass vessel about 2 feet — 


g 
| 


high and 6 inches in diameter, blown with three tubulures (b.c.d). A is 
a copper vessel filled with water, which can be raised to any desired 
temperature by means of the burner (e). This vessel contains a coiled 
pipe through which a current of water can be made to flow, entering it 


- 1 Blondlot, “ Traité anal. de la Digestion,” 1843, pp. 24, 220, 221. 
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as shown by the upper arrow. This current of warmed water then flows 
into the vessel (a), at the tubulure (5) fills it up to the level of the 
tubulure (c), and the overflow is carried away by the pipe (f). By 
regulating the flame of the burner (e) and the rate of flow of the water 
through the coil it is quite easy to keep the temperature of the water 
in (a) constant within 1°C. of 40°C. Immersed concentrically in the 
vessel (a) is a second cylindrical glass vessel (g), whose lower end is fitted 
with an absolutely tight-fitting indiarubber cork through which a short 
piece of glass tube is passed. An indiarubber tube, securely fitted over 
the latter passes through a cork in the tubulure (d) and is connected 


with the glass-tube (h). (h) and (g) thus form a closed system into 


which any fluid can be placed and kept at the temperature of the 
water in (a), and by lowering the upper end of the tube (h) the contents 
of (g) can be drawn off when required. Suspended in the fluid in (9) is 
a loop of the parchment-paper tube’ first used for the purposes of dialysis 


_ by Kiihne; by means of the string (&) connected with a motor the 


paper-tube can be kept in continuous up and down motion of any 
desired rate or extent. 

By means of this apparatus a distant and incomplete approximation 
to two of the more important conditions under which normal digestion 
takes place may be realised, viz.—continuous movement and removal of 
digestive products. The substance to be digested is placed inside the 
dialyser-tube (¢) together with the digestive fluid; (g) is filled up to 
the level of the tubulure (c) with a fluid similar in composition to that 
which is in (t) but minus any ferment, and the contents of (g) and (i) 
are maintained at any desired digestive temperature by means of the 
current of warm water which flows through (a). Finally, the dialyser- 
tube is kept in constant motion by the string (k). 

The mixing of the contents of (¢) is very perfect, waves which might 
almost be called ‘ peristaltic’ running up the flexible walls of the 
dialyser-tube each time it is suddenly lowered after its more gradual 
ascent. The removal of the digestive products is on the other hand 
incomplete and falls far short of the activity of removal existing in 
normal digestion, for it is dependent merely upon the diffusibility of 
the products. In the body, on the other hand, we have’ now every 
reason for regarding the absorption of products as dependent primarily. 
upon a specific selective activity of the epithelium lining the alimentary 
canal, and not merely upon the physical properties of the substances to 


1 To be obtained from C. Brandegger, Ellwangen, Wiirttemberg. 
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be absorbed’. So far however as diffusion is the only obvious means at 
our disposal for removing the digestive products the dialyser above 
described is extremely efficient. When only a small quantity of fluid is 
placed in the dialyser it is brought into contact with a large surface for 
diffusion, the composition of the fluid is kept uniform by the constant 
motion so that there is no relatively dilute layer in contact with the 
parchment, and the rapidity of diffusion is targely increased by the 
higher temperature at which it is made to take place. 

Smaller and less efficient forms of dialysers have been described by 
Kronecker’ and simplified by Wolffhiigel’, but I know of no record 
of any comparative experiments on digestion in these dialysers and in 
flasks. 


PART I. | 
The digestion of starch by saliva. 


The outcome of all the more recent work on the digestion of starch 
whether by diastase, ptyalin or pancreatic ferment has been to prove 
the formation of very considerable quantities of dextrins simultaneously 
with and not merely antecedently to the production of sugar. Opinions 
have differed as to the relative amounts of sugar and dextrin formed. 
Thus Musculus‘ took their formation as being in the ratio of 1 to 2 
when digestion was completed, giving 33°/, sugar on the starch employed. 
Payen’, though he opposed Musculus’ view that the dextrin was 
incapable of conversion into sugar by the further action of diastase, still — 
came to the conclusion that the conversion ended with the production of 
at most 52°7°/, of sugar, and his views were confirmed by Schwarzer’, 
and Schulze and Marker’. Similar conclusions may be drawn from 
the works of Musculus and Griiber*® and Musculus and Von 
Mering’, Brown and Heron", Brown and Morris”. 


1 Heidenhain, Pliiger’s Arch. (Suppl-Hft.), 1888, Bd. xx111. 

2 Beitr. z. Anat. u. Physiol. hrsg. von Ludwig’s Schiilern, 1873, S. cxxx. = also 
Gscheidlen’s Physiol. Methodik, p. 206. 

3 Pfliiger’s Arch, Bd. vm. (1873), 8. 189. . 

4 J. de Pharm. et Chim. T. xxxv11. 1860; reese 1860, 8S. 603. 

5 Chem. Centralb. 1865, 8. 845. | 

_ 6 Gh. Centralb. 1872, 8. 295. 7 Ch. Centralb. 1872, 8. 823. 

8 Zt. f. Physiol. Ch. Bd. 1. (1878), gs. 177. 

® Ibid. 8. 403. 

10 Liebig’s Ann. Bd. 199 (1888), 8. 165. Also bee Roy. Soc. No. 204 (1880), p. 393, — 
and Liebig’s Ann. Bd, 204 (1880), S. 228. 

ut Jl, Ch. Soc. vol. 47 (1885), p. 527. 
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There is thus no doubt that in all artificial digestions of starch as_— 
ordinarily carried on much dextrin makes its appearance, and in no 
case is the whole of the starch converted into sugar. A good deal of 
difference of opinion exists as to the possible conversion of the dextrins 
into sugar by submitting them after isolation to the renewed action 
of ferments, but the balance of opinion seems to be that the conversion 
is in many cases either impossible or takes place with slowness and 
difficulty. The divergence of opinion is possibly due to the existence 
of several forms of dextrin, of which some are incapable of conversion 
into sugar by ferments, while others may be converted. When, on 
the other hand, the course of carbohydrate digestion in the alimentary 
canal is investigated the results appear to be different from those of an 


artificial digestion, for although soluble starch and dextrin may be 


found in the stomach after a meal rich in starch’ these substances are 
not found in the intestine in more than minute traces. There is further 
no evidence that any carbohydrate material is absorbed from the 
intestine as dextrin, so that in normal digestion starch is completely 
converted into and absorbed as sugar. Seegen (loc. cit. p. 48) has 
hinted at the possible occurrence of dextrin (?) in traces in the portal 
blood during carbohydrate digestion, so also have von-Mering® and 

Bleile*®. The evidence of their experiments is however not conclusive — 
as to the absorption of dextrin, and indeed Bleile’s work showed that 
after feeding a dog with dextrin it is as sugar that the wiser: acetate is 
found in portal blood. 

My own experiments on digestion i in a dialyser were begun in the 
hopes of obtaining an artificial digestion which should result in as 
complete a conversion of starch into sugar as takes place in normal 
digestion. There is not the least doubt that in the case of all ferment 
actions the presence of the products of the action exerts a most marked 
retarding influence on the rapidity and completeness of the change, and 
we may neglect the statements of Paschutin‘* and Musculus and 


_ Griiber’ to the contrary in the case of salivary and diastatic digestion. 


If then it were possible to remove the products as fast as they are formed 
one of the great obstacles to perfect and complete digestion would be 


1 Briicke, Sitzb, d. Wien Akad. 3 Abth. Bd. 65, 1872; Seegen, Pfliiger’s Arch. 
Bd. 40 (1887), 8. 38. 

2 Arch. f. Physiol. 8, 413, 1877. 

% Ibid. 8. 70, 1879. 

* Centralb, f. d. Med. Wiss. 1871, N. 24. 

5 Jl. physiol. Ch. Bd. 1. (1878), 8. 184. 
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avoided and an approximation to the conditions of normal digestion 
secured. When the substance to be digested is employed in small 
quantities in presence of a large volume of digestive solution, the 
products of the digestion will exert a relatively less retarding influence 
on the activity of the ferment. But this is not the condition under — 
which much of the work on carbohydrate digestion has been done, for 
it is incompatible with the ready obtaining of large quantities of the 
digestive products for subsequent examination. Thus Musculus and 
Griiber in some of their experiments used mixtures containing 10°/, 
and 15°/, of starch, and Musculus and von Mering used those con- 
taining 40 and 50°/, of glycogen when investigating the action of saliva 
on this substance. Indeed the disturbing effects of the products of 
digestion do not seem to have been taken sufficiently into account. 
Unfortunately the removal of products formed in artificial digestion can 
never be other than very incomplete in comparison with the extra- 
ordinary rapidity and completeness of their removal in normal digestion ; : 
for in the one case the only means at our disposal for removing them 
is to utilize their physical property of diffusibility, while in the 
alimentary canal the removal is subject to the master-influence of the 
living epithelial cells, assisted doubtless by the solubility and diffusibility 
of the substances absorbed. Furthermore, the removal of digestive pro- 
ducts by diffusion in a dialyser is not entirely beneficial to a continued 
digestive activity, for it is accompanied of necessity by a considerable 
influx of fluid into the dialyser, which by diluting the ferment solution 
must inevitably reduce its activity. In the alimentary canal no such 
large influx of fluid takes place, and that which is being continuously 
supplied is for the purpose of ensuring a sufficiency of fresh ferment. 
Artificial digestion, in all but its initial stages, ceases very immediately 
when the concentration of the mixture is at all excessive, whereas 
the digestion and absorption of large masses of food are completed 
in @ comparatively short time in the alimentary canal of a dog . 
without the contents being at any time other than semi-fluid. : 

Notwithstanding the relative imperfection of the apparatus the 
contrast between a digestion carried on in the dialyser tube and in 
a flask is very marked in several ways. I first compared the rate of 
digestion i in the two cases as shown in the following experiments, which 
is typical of many. _ 

The vessel (g) having been filled with water at 40° C., its tempera- 
ture was kept constant by the circulation of warm water through 
the outer vessel (a), 2 grams of starch were treated with 500 cc. 
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of boiling water and allowed to cool to 40°, and to this was then 
added 50 c.c. of dilute, filtered saliva’, previously warmed to 40°. The 
saliva and starch solution were rapidly mixed by agitation, and of the 
mixture 250 c.c. were first put into a flask immersed in a water-bath 
at 40° and then 250 c.c. into the dialyser. At equal intervals of time 
equal quantities of the digestive mixture were taken, faintly acidulated 


with acetic acid and tested with iodine. 


The results may be stated as — 


follows. 

Time of Dialyser Flask 
observation. (Reaction with iodine), (Reaction with iodine). 
11.0 a.m. Pure blue. Pure blue. 

11,10. do. do. 
11.20 ,, Trace of violet. do. 
11.30 ,, Violet, 

. 11.40 ,, Red with violet tinge. Violet. 

,, Pure red. do. 
11.50 ,, do. Violet with reddish tinge. 
11.55. ,, do. fainter. Violet with stronger red tinge. 

* 12.0 noon do. do, Violet with still stronger red 

p.m. do. butvery faint. Red with strong violet tinge. 

12.10 ,, Scarcely perceptible red. Red with fainter violet tinge. 
16.16 ,, Red gone. do. 
12.20 ,, Pure red (strong). 
12.35 ,, » but fainter. 
12.50 ,, ‘ Fainter red. 

Very faint red. 


Using malt extract similar results were obtained. 

The next most obvious difference between digestion carried on in 
the dialyser and in a flask is the greatly lessened tendency to the 
development of germs in the former as compared with the latter. I 


found repeatedly in prolonged digestions, with frequent renewal of 


1 The saliva used in all these ts was obtained as follows. Having 
thoroughly cleansed the mouth a mouthful of distilled water was taken and retained, 
with constant agitation, for three or four minutes. The dilute mixed saliva thus obtained 
was collected into a flask and a fresh mouthful of water taken as before. When a 
sufficient quantity of dilute saliva had thus been collected the whole was violently shaken 
up in the flask and allowed to stand. By this means the mucin was partially separated 
out and entangled in the froth which rose to the surface on standing so that the subnatant 
saliva was capable: of fairly rapid filtration. The filtrate was then ei steedte for the 
experiments. 
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the fluid surrounding the dialyser, that the contents of the dialyser 
remained perfectly clear and free from organisms when the contents 
of the flask were cloudy and full of bacteria. This might have been 
expected, but it throws an interesting light on the significance and 
importance of the rapid removal of digestive products from the contents 
of the alimentary canal in its relationship to the occurrence of putre- 
factive changes therein. 


Comparison of the relative amounts of sugar and dextrins 
formed in the dialyser and in a flask under other- 
wise similar conditions, 


Methods employed. Equal known weights of starch were digested 
with the same relative amount of saliva for the same time in a flask — 
and in the dialyser; in some cases the dialysate from the latter was 
additionally collected and the amounts of dextrin and sugar in the 
several products thus obtained determined by analysis. Since all 
dextrins are precipitated by a sufficient excess of alcohol, while the 
sugars are soluble in this reagent, I made use of this difference in their 
solubilities to effect their separation. Having concentrated the solution 
of the mixed substances to a small bulk on the water-bath, alcohol was 
added in excess so that the mixture contained at least 94°/, of absolute 
alcohol. The dextrin thus precipitated was collected on a weighed 
filter washed with alcohol, dried at 100° C. and weighed. The alcoholic 
filtrate was evaporated to dryness, the residue taken up in distilled 
water and the sugar determined in this in all cases by means of both 
reduction and rotation. It is essential to employ both these methods 
for the determination of sugar in each case in order not merely to 
estimate the amount of sugar present but also to determine its nature 
and freedom from admixed dextrin. I rejected every determination of 
sugar in which the results obtained by reduction and rotation did not 
closely agree. The diffusibility of dextrin is, though slight’, not suffi- 
cient to vitiate the results of analyses of the contents of the dialyser- 
tube in cases where the dialysate was not collected and analysed, for I 
found that sugar alone (maltose) was present in the dialysate from even 
prolonged digestions, as shown by the correspondence of the results 
obtained by reduction and rotation. That the method I have employed 
is capable of yielding reliably uniform and constant results is shown 


* Musculus und Meyer, Bull. Soc, Chim. (2) 35, p. 870. 
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of boiling water and allowed to cool to 40°, and to this was then 
added 50 c.c. of dilute, filtered saliva’, previously warmed to 40°. The 
saliva and starch solution were rapidly mixed by agitation, and of the 
mixture 250 c.c. were first put into a flask immersed in a water-bath 
at 40° and then 250 c.c. into the dialyser. At equal intervals of time 
equal quantities of the digestive mixture were taken, faintly acidulated 
with acetic acid and tested with iodine. The results may be stated as 


follows. 


Time of Flask 
observation. (Reaction with iodine). (Reaction with iodine). 
11.0 am Pure blue. Pure blue. : 
do. do. 
11.20 ,, Trace of violet. do. 
11.30 ,, Violet. do. 
11.40 ,, Red with violet tinge. Violet. 
11.45 _,, Pure red. do. 
13.60: ,, do. Violet with reddish tinge. 
11.55 ,, do. fainter. Violet with stronger red tinge. 
12.0 noon do. do, Violet with still stronger red 
12.5 p.m do. butveryfaint. Red with strong violet tinge. 
12.10 ,, Scarcely perceptible red. Red with fainter violet tinge. 
13,15 Red gone, do. 
12.20 ,, — Pure red (strong). 
12.35: ,, but fainter. 
12.50 ,, Fainter red. 

Red gone. 


Using malt extract similar results were obtained. 

The next most obvious difference between digestion carried on in 
the dialyser and in a flask is the greatly lessened tendency to the 
development of germs in the former as compared with the latter. I 

found repeatedly in prolonged digestions, with frequent renewal of 


1 The saliva used in all these ts was obtained as follows. Having 
thoroughly cleansed the mouth a mouthful of distilled water was taken and retained, 
with constant agitation, for three or four minutes. The dilute mixed saliva thus obtained 
was collected into a flask and a fresh mouthful of water taken as before. When a 
sufficient quantity of dilute saliva had thus been collected the whole was violently shaken. 
up in the flask and allowed to stand. By this means the mucin was partially separated 
out and entangled in the froth which rose to the surface on standing so that the subnatant 
_ saliva was capable of fairly rapid filtration. The filtrate was then employed for the 
experiments. © 
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the fluid surrounding the dialyser, that the contents of the dialyser 
‘remained perfectly clear and free from organisms when the contents 
of the flask were cloudy and full of bacteria. This might have been 
expected, but it throws an interesting light on the significance and 
importance of the rapid removal of digestive products from the contents 
of the alimentary canal in its eiaerene | to the occurrence of putre- 
factive changes therein. 


Comparison of the relative amounts of sugar and dextrins 
formed in the dialyser and in a flask under other- 
: wise similar conditions. 


_ Methods employed. Equal known weights of starch were digested 
with the same relative amount of saliva for the same time in a flask - 
and in the dialyser; in some cases the dialysate from the latter was 
additionally collected and the amounts of dextrin and sugar in the 
several products thus obtained determined by analysis. Since all 
dextrins are precipitated by a sufficient excess of alcohol, while the 
sugars are soluble in this reagent, I made use of this difference in their 
solubilities to effect their separation. Having concentrated the solution 
of the mixed substances to a small bulk on the water-bath, alcohol was 
added in excess so that the mixture contained at least 94°/, of absolute 
alcohol. The dextrin thus precipitated was collected on a weighed 
filter washed with alcohol, dried at 100° C. and weighed. The alcoholic 
_ filtrate was evaporated to dryness, the residue taken up in distilled 
water and the sugar determined in this in all cases by means of both 
reduction and rotation. It is essential to employ both these methods 
for the determination of sugar in each case in order not merely to 
estimate the amount of sugar present but also to determine its nature 
and freedom from admixed dextrin. I rejected every determination of 
sugar in which the results obtained by reduction and rotation did not 
closely agree. The-diffusibility of dextrin is, though slight’, not suffi- 
cient to vitiate the results of analyses of the contents of the dialyser- 
tube in cases where the dialysate was not collected and analysed, for I 

found that sugar alone (maltose) was present in the dialysate from even 
_ prolonged digestions, as shown by the correspondence of the results 
obtained by reduction and rotation. That the method I have employed 
is capable of yielding reliably uniform and constant results is shown 


1 Musculus und Meyer, Bull. Soc. Chim. (2) 35, p. 370. 
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by the following experiment, which was made with a view to testing 
the accuracy of the method. Two flasks were taken and 3°412 grams 
of starch dried and weighed at 100° were placed in each, 100 cc. of 
water were added and the contents boiled. When cool 100 cc. of 
the same dilute saliva were added to each flask and the mixture 
digested at 40° C. for 15 hours. Analysis of the contents of the 
flasks at the end of the digestion gave the following results. 
Flask 1. 3°412 gr. starch yielded ‘505 gr. dextrin 
2°838 gr. maltose 


3°343 


Flash 2. 3°412 gr. starch yielded -448 gr. dextrin 
2-904 gr. maltose 


3-352 


At the outset of the experiments I laid in a large stock of the 
purest potato starch, so that the material used for digestion should be 
the same in all cases. I tested the purity of the starch by converting 
known weights of it into dextrose and determining the amount of sugar 
thus yielded. The following are the results of two such experiments : 
(i) 1387 gr. starch in 100 c.c. of water, heated with sulphuric acid 
in a sealed tube to 100° for 18 hours, yielded on analysis by reduction 
with Fehling’s fluid 1441 gr. dextrose. (ii) 1°704 gr. starch in 
200 c.c. of water were boiled for 3 hrs. with 20 cc. of hydrochloric 
acid in a flask fitted with a condenser, and yielded 1°831 gr. of dextrose. 
The ash residue obtained by incinerating several samples of the starch 
amounted to 

In the first series of comparative experiments which I made I 
removed the inner vessel (g) and suspended the dialyser-tube in the 
outer vessel (a), through which a constant stream of water at 40°C. was 
passed. By this means the diffusive removal of digestive products was 
made as rapid as possible, but of course these products could not be 
collected for analysis and determination. 


Experiment I, Dialyser. 5-082 grms, of starch* were treated with 600 c.c. 
of boiling distilled water. When cold 400 c.c. of dilute filtered saliva were 


1 These results agree well with Sachsse’s similar determinations of the amount of 
dextrose yielded by pure starch. See Chem. Centralb. 1877, N. 46, and Phytochem. 
Untersuch. Leipzig 1. 1880, 8. 47. 

2 The weight of starch stated in this a is the weight after 
drying at 100°C. 
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added and 400c.c. of the mixture were placed in the dialyser-tube and 
digested at 40° for 6 hours. At the end of this time the contents of the 
dialyser were removed, the paper tube thoroughly extracted with water, and 
contents and washings mixed and concentrated to a small bulk in the water 
bath. On the addition of excess of alcohol a fine flocculent precipitate was 
obtained, collected on a weighed filter, dried at 100° and weighed: its 
weight was found to be ‘130 gr. The 400 c.c. of digestive mixture originally | 
placed in the dialyser contained 1°694 gr. of starch, and from this the result 
is obtained that the starch has yielded 7-67 p.c. of dextrin precipitable by 
alcohol. 
Flask. 400 c.c. of the same mixture which had been placed in the 
dialyser were digested in a flask at 40° for 6 hours. When concentrated and 
precipitated with alcohol it yielded ‘258 gr. of precipitate, or 15°23 p.c. on 
the 1°694 gr. of starch originally taken for digestion. 

Experiment II. 25-41 grms. of starch were treated with 550 c.c. of 
boiling water. After cooling 500 c.c. of dilute saliva were added; 400 c.c. of 
the mixture were then placed in the dialyser, 650 c.c. in a flask, and digested 
in each case for 22 hours. 

Dialyser. The contents of the tube when concentrated and precipitated 
with alcohol yielded -803 gr. of dextrin or 8-58 p.c. on the 9°68 grms, starch 
originally placed in the dialyser. 

The alcoholic filtrate from the precipitated dextrin was evaporated to 
dryness on a water-bath, the residue taken up in water and the reducing and 
rotatory powers of the solution were compared. By reduction it was found 
to contain 1°295 p.c. maltose, and by rotation 1-278 p.c. The close agree- 
ment between the results obtained by the two methods left but little doubt 
as to the complete precipitation of the dextrin’. 

Flask. The contents of the flask treated as above yielded 2 298 grms. of 
dextrin or 14°16 p.c. on the 15-73 grms. of starch originally taken for 
digestion, The residue of the alcoholic filtrate was taken up in 350 c.c. of 
water, and was found to contain 3:786 p.c. maltose estimated by reduction, 
and 4:114 p.c, estimated by rotation. From this it appears that the precipi- 
tation of the dextrins had probably not been quite complete. If the total 
amount of maltose present in solution is estimated on the basis of its 
determination by reduction it is found to amount to 13-25 grms, or 84°23 p.c. 
of the starch digested. 

Experiment III. 50°82 grms. of starch were made into a paste with 
600 c.c. of boiling water: when cooled to 40°, 600 c.c. of dilute saliva were 

1 The instrument used for all my determinations of rotatory activity was a large 
half-shadow instrument of Lippich, made by Schmidt and Haensch, Berlin. It is figured 
and described in Hoppe-Seyler’s Hdbch. d. phys.-path. Chem, Anat. Ed. v. 1883, 


p. 89. The reducing power was determined by means of carefully standardised Fehling’s 
fluid. 
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added, and as soon as the starch was liquefied 400 c.c. were measured off into 
the dialyser-tube, the remaining 800 c.c. were placed in a flask and both 
portions were digested at 40°. 

Dialyser. (i) After 21 hours’ digestion, half the contents of the dialyser- 
tube were boiled, concentrated, precipitated with alcohol and yielded 1-422 grms, 
of dextrin. Since the starch mixture originally placed in the dialyser con- 
tained 4°235 p.c. of starch, it follows that 8-47 grms. of starch have yielded 
1-422 gr. of dextrin or 16°78 p.c. 

The alcoholic filtrate from the precipitated dextrin was evaporated to 
dryness, the residue dissolved in water, and this aqueous solution was found 
to contain -925 p.c. maltose by reduction, and ‘892 p.c. by. rotation, hence 
the precipitation of the dextrins was complete. 

(ii) The second half of the contents of the dialyser-tube was digested for 
a further period of 47 hours, making a total of 68 hours’ digestion. It yielded 
on the usual treatment ‘719 gr. dextrin, being 8°48 p.c. on the starch 
employed. The residue from the alcoholic filtrate was taken up in water and 
tested ; it centained ‘266 p.c. maltose by reduction, and ‘285 p.c. by rotation. 

Flask, (i) After the contents had been digested for 21 hours, 300 c.c. 
were concentrated and precipitated with alcohol yielding 4-653 grms. dextrin 
or 36°62 p.c. on the 12-705 grms. starch originally present in 300 c.c. of the 
digestive mixture. The residue of the alcoholic filtrate was taken up in 
500 c.c. of water, and was found to contain 1°57 p.c. maltose by reduction, 
and 1:60 p.c. by rotation. The total amount of maltose present was hence 
7°85 grs. or 61°81 p.c. on the original starch. 

(ii) The 500 c.c. of fluid remaining in the flask after the removal of the 
first portion whose analysis has been described, were digested for a further 
period of 47 hours or 68 hours in all. On analysis they yielded 7°561 grms 
of dextrin representing 35-70 p.c. on the 21°175 grms. of starch originally 
present in 500 c.c. of the digestive mixture. The residue of the alcoholic 
filtrate on being taken up in water was found to contain 13°21 grms. of 
maltose estimated’ by reduction, and 13°56 estimated by — or 62°33 p.c. 


on the starch digested. 


The next set of experiments were conducted under conditions which 
admitted of the collection of the products which pass by. diffusion from 
the dialyser-tube during a digestion. This seemed essential in order to 
justify the assumption with which I made the earlier experiments, 
viz.—that there is no considerable loss of dextrin by diffusion during a 
digestion carried on in a stream of running water. It further enabled 
me to strike a balance between the starch digested and the products 
formed during digestion in a dialyser similar to that which may be done 
for digestion in a flask. To effect the desired result I introduced the 
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inner vessel (g)', from which the fluid could be removed by lowering 
the upper end of the tube (h), and by this means the fluid into which 
diffusion was taking place could be changed as frequently as desired and 
submitted to analysis. In the experiments conducted under these new 
conditions I did not carry on any simultaneous digestions in a flask, for 
the comparative slowness and incompleteness of the latter, especially 
when the amount of starch used is oer had been arate estab- 
lished. 


_Expertment IV, 8-412 grms. of starch were treated with 400 c.c. of 
boiling water ; when cooled to 40°, 400 c.c. of dilute* saliva were added and 
400 c.c. of the mixture were placed in the dialyser-tube. The digestion was 
carried on for 18 hours: during this period the fluid (distilled water) in the 
vessel g was changed at the end of the Ist, 2nd, 4th, 6th and 8th hours, the 
total volume of the dialysate at the end of the experiment being 7} litres. 

(i) Analysis of contents of the dialyser-tube. When concentrated and 
precipitated with alcohol it yielded -176 grm. of precipitate or 10°31 p.c. on the 
starch digested. The alcoholic filtrate was evaporated to dryness, the residue 
taken up in water and tested for maltose. By reduction it was # found to 
contain ‘212 gr. maltose, and by rotation -214 gr. 

(ii) Analysis of the dialysate. The 7500 c.c. of dialysate were concen- 
trated to a small bulk on the water-bath, and were found to contain 
1-308 grm. maltose estimated by reduction, and 1:284 by rotation. 

In tabular form the results of the experiment may be exhibited as 
follows : 


Starch taken for digestion 1706 grm. 
Dextrin in dialyser-tube ‘176 gr. = 10°31 p.c. 
Maltose in do. 212 gr. = 12°42 p.c. 
Maltose in dialysate. 1:308 gr. = 76°67 p.c. 

| 99-40 


EXPERIMENT V. 16°75 grms. starch were treated with 200 cc. of boiling 
water; when cooled to 40°, 200 c.c, of dilute saliva were added, the whole 
placed in the dialyser-tube and digested for 48 hours. During this period 
the distilled water in the vessel (g) was changed at frequent intervals 
throughout each day, the total volume of the dialysate at the end of the 
experiment being 16 litres. 

(i) Analysis of contents of the dialyete-tube. When concentrated and 
precipitated with alcohol in the usual way 2°113 grms. of dextrin were 
obtained. The residue from the alcoholic filtrate after evaporation to dryness 


1 The capacity of (g) up to the level of the tubulure (c) was 1700 c.c. 
2 The saliva used in this experiment was more dilute than usual. 
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was taken up in 400 c.c. of water. By reduction it contained 595 pc. 
maltose, and by rotation 764 p.c. From this it appears probable that the 
precipitation of the dextrin was not complete. 


_ (ii) Analysis of the dialysate. The dialysate as it was collected was 


- concentrated to two portions of each 1000 c.c. 


Portion 1. By reduction contained ‘882 p.c. maltose. 
_ By rotation contained ‘871 ,, 

Portion 2. By reduction contained ‘310 p.c. maltose. 
By rotation contained ‘314 ,, od 


The close agreement of the determinations made by reduction 


and rotation shows that no dextrins were present in the dialysate 


and that the sugar present was maltose. 
The results of the experiment are as follows. 


Starch taken for digestion 16°75 grms. 


Dextrin in dialyser-tube 2:113 grms. = 12°61 p.c. 

Maltose in 2-380 grms. = 14°20 p.c. 

Maltose in dialysate (Portion 1) 8°820 grms. = 52-65 p.c. 

a » (Portion 2) 3°100 grms. = 18°50 p.c. 
16-413 97-96 


Experiment VI. In this experiment 10-05 grms. of starch were treated 
with 100 c.c. of boiling water; on cvoling to 40°, 200 c.c. of saliva were 
added and the whole was digested for 48 hours. At the end of this period 
the contents of the dialyser-tube were concentrated to 100 c.c., after which 
200 c.c. of fresh saliva were added, the whole replaced in the dialyser, and 
the digestion continued for a further period of 42 hours, making in all 
90 hours. The distilled water in the vessel (g) was renewed at frequent 
intervals during each day, the last renewal being at 10 p.m., and the next at 
9.0 a.m. on the next day. The total volume of the dialysate at the end 
of the experiment was 26 litres. 

(i) Analysis of the contents of the dialyser-tube. On concentration and 
precipitation by alcohol -431 gr. of dextrin were obtained. The alcoholic 
filtrate when treated in the usual way yielded -308 gr. maltose by reduction, 
and ‘427 by rotation. 

(ii) Analysis of the dialysate. The dialysate (26 litres) was concentrated 
down to two portions, whose volumes were respectively 900 c.c. and 250 c.c. 

Portion 1. (900 c.c.) By reduction contained ‘888 p.c. maltose. 
__ By rotation contained 842 ,, 


Portion 2. (250 c.c.) By reduction contained -469 p.c. maltose. 
By rotation contained -492 ,, 
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_ The results of the experiment are as follows. 
Starch taken for digestion 10-05 gr. 

Dextrin in dialyser-tube "431 gr. 4°29 p.c. 
Maltose in gr. 3°06 p.c. 
Maltose in dialysate (Portion 1) 7-992 grms. = 79°52 p.c. 

(Portion 2) 1:172 grms. = 11-66 p.c. 
9-903 98°53 


” 3? 


The results of all the experiments which have been described may 
be conveniently exhibited in the accompanying table. 


3 
eva 
I 6 | 4 | 767 15-23 
II | 22 | 24 | 8-58 14-16 | 84-23 
(i) 21 | 4-23 | 16-78 36°62 | 61-81 
(ii)| 68 | 423 | 8-48 | 35-70 | 62°33 
Iv | 18 | -43 | 1031 | 12-42 | 76-67 
Vi | 48 | 418 | 1261 | 14-20 | 71-15 
VI | 90 | 3:35 | 4-29] 3-06 | 91-18 


The experiments I have described are typical of an extended series 
in which very varying quantities of starch were digested for very 
varying times. The conclusions which may be drawn from them are as 
follows. 

When the digestion of starch by saliva is carried on under con- 
ditions which ensure a very considerable removal of the products 
(maltose) as they are formed, then 

1. The rate at which the digestion takes place is largely increased. 

2. The total amount of starch converted into sugar is much 
greater, and the residue of dextrin is much less than under conditions, 
otherwise similar, when the products are not removed. 

8. The influence of the removal of digestive products on the 
relative amounts of dextrin and maltose formed is least marked when 
the starch solution is dilute. In this case the digestion carried on in a 
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flask is frequently found to be nearly, though never quite, as complete 
as under the more favourable conditions existing in the dialyser. | 
4. By prolonged digestion of larger masses of starch or the shorter 


digestion of smaller quantities, the total amount of sugar which is 


formed and the small amount of dextrin which is simultaneously 
produced justifies the assumption that under. the more favourable 
conditions existing in the alimentary canal starch is completely con- 
verted into sugar before absorption. 

§. These experiments afford no evidence that any sugar other 
maltose is formed by the action of saliva on starch. 

Although I believe myself justified, on the basis of these experi- 
ments, in concluding that under favourable circumstances starch may 
be completely converted into maltose by the action of saliva, still it is 
unsatisfactory that this complete conversion has not been found capable 


of experimental realisation. The cause of this is to be sought in the 


impossibility of imitating in artificial digestions the conditions which 
exist in the animal body. I have already dwelt upon the difference of — 
the conditions at the beginning of this paper, but it is important to 
recall them once more in support of the conclusion at which I have 
arrived. The difference which in my opinion ‘is of chief importance is 
the absolutely incomplete removal of digestive products, even under the 
most favourable artificial conditions, as compared with their: nearly 
complete removal in the alimentary canal. It will suffice here to recall 
the fact that normally the products of digestion whether proteid or 
carbohydrate are never met with in either the stomach or intestine in 
other than the smallest amounts, frequently to be described as merely 
traces. In the next place- the ferment solutions used in artificial 
digestions are necessarily weak, not only because such weak solutions 
are more readily prepared. but also and more especially because unless 
the digestive mixture be dilute the concentration of. the digestive 
products soon puts an end to the further action of the ferment. This 


as notably the case in gastric and pancreatic digestions of proteids. 


Then, further, the removal of products in a dialyser digestion is attended 
by the detrimental dilution which necessarily accompanies the ditfusive 
exit of digestive products. And it is to be observed that this deterrent 
influence of dilution is-most marked exactly in those cases where 
removal of products without dilution would lead to the most striking 
results, viz. when, digesting strong solutions of starch. For in strong 
solutions the ferment may be present at first in concentrated form, but 
its dilution at once begins with more than ordinary rapidity owing to 
the excessive formation under these conditions of the products. whose 
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diffusive exit leads to that dilution. Moreover, in artificial digestions, it 
is not possible to provide for the continual addition of fresh portions of 
ferment as this undoubtedly occurs in the body, thus ensuring the 
constant presence of new and most active ferment in a concentrated 
form. Finally, in the case at least of the digestion of starch, the ferment 
and the material upon which it is to act must be mixed under con- 
ditions which enable all the initial stages of the digestion to take place 
at once before the influence of the removal of products can make itself 
felt, and then the subsequent rate of formation of products far outstrips 
the rate of removal of these products. This difficulty does not arise 
when conducting a gastric or pancreatic digestion of proteids in the 
dialyser, for here the digestive change takes place with comparative — 
slowness. But this advantage may be largely compensated for by the 
rapid dilution which accompanies the exit of the peptones with their 
higher osmotic equivalent. 

The failure to obtain a complete digestion in the dialyser is not due 
to a destruction or loss of ferment for the fluid in the dialyser-tube, 
even after prolonged digestions, was found to contain active ferment as 
shown by its power of converting fresh portions of starch into maltose 
and dextrin. Nor does it appear to be due to the formation of dextrins 
which cannot be converted into maltose by the ferment. This state- 
ment receives its confirmation from the following experiment. A large 
quantity of dextrin which gave no reaction with iodine was prepared by 
the action of saliva on 200 grams of starch treated with 3 litres of 
boiling water. This dextrin was extracted as thoroughly as possible 
with alcohol (95 °/,), then washed with absolute alcohol. Of this dextrin 
20 grams were dissolved in 200 c.c. of water, mixed with 300 cc. of 
saliva and one half of the mixture was placed in the dialyser, the other 
half being placed in a flask. Both portions were digested for 42 hours 
at 40°, At the end of this period the dextrin present in each solution 
was estimated in the usual way by precipitation with alcohol. The 
dialyser yielded 3°308 gr. the flask 5-468 gr. The dextrin from the 
dialyser was dissolved in 150 c.c. of water, to this 250 c.c. of saliva were 
_ added and the whole digested again for 30 hours. The dextrin from 
the flask was dissolved in 500 c.c. of water, to this 500 c.c. of saliva 
were added and the mixture digested in a flask for 30 hours. At the 
end of this period the dextrin in both the dialyser and flask was again 
determined. The dialyser yielded now 1478 gr. and the flask 3°702 gr. 
of dextrin. The above process was repeated with the dextrin from both 
the dialyser and flask for further periods of 42, 48 and 42 hours. The 
result of the experiment may be exhibited 1 in a ‘tabular form as follows. 
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 Dextrin originally placed in both the dialyser and flask =10 
grams. | 


Duration in hours of each digestion. | 42 30 42 48 42 
Dextrin recoverable from dialyser | 


at end of each digestion. 3°308 | 1-478 | 410 
Dextrin recoverable from flask at 
end of each digestion. | 2°702 | 2-542 | 1547 | 


The considerations which have been put forward afford a sufficient 


explanation of the apparent impossibility to obtain a complete con- 


version of starch into maltose during any single exposure of the starch 
to the action of the ferment. It is in fact analogous to that which is 
observed in a comparison of the results of a natural and artificial tryptic 
digestion of proteids. During the latter, a relatively insoluble residue 
of proteid material, anti-albumid, is always obtained, which can only be 
peptonised by special treatment with fresh portions of trypsin’. In the 
former, on the other hand, no such residue is left when digestion is 
complete, the whole of the proteid being peptonised and absorbed as 
such. 

This research has dealt entirely with the salivary digestion of starch, 
but the conclusions drawn from it have been applied to the digestion 
and absorption of carbohydrates in the alimentary canal generally. It 
might be urged that this is not justifiable, inasmuch as salivary 


digestion is merely transient and accessory, and that the all important © 


changes which carbohydrates undergo are brought about under the 
influence of the pancreatic juice, and not of the saliva. But this 
objection is scarcely of importance when it is remembered that my 
experiments deal only with the circumstances which determine the 
completeness of the ferment action, and that there is no reason of any 
kind for believing that there is any difference between the conditions 
which determine the maximal activity of two such similar amylolytic 
ferments as those of the salivary glands and of the pancreas. Indeed 
all that we do know points to the conclusion that the pancreatic 
ferment is relatively much more active than ptyalin’*, and hence, 
whatever holds good for the latter will hold with even greater force 
for the former. It is however my intention to put this probability to 
the proof of experiment in a research which I have already commenced, 


1 Kihne u. Chittenden, Zt. f. Biol. x1x. (1883), Sn. 167, 197. 


* Kiihne, Lehrb. d. physiol. Ch. 8. 117, Maly in Hermann’s Hdbch. d. Physiol. 
Bd, v. 2, 8. 194. 


Feb. 5, 1890. 
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PART II. 


The pancreatic digestion of proteids. 


In the first part of this paper I have described experiments from 
which the conclusion may be drawn that if starch be digested by saliva 
under conditions approximating to those existing in the intestine nearly 
the whole of the starch may be converted into sugar, there being but 
little dextrin left at the end of a prolonged and favourable digestion. 
From this it follows that the pancreatic digestion of carbohydrates 
probably results with even greater certainty in the complete conversion 
of all starch into sugar before absorption, inasmuch as the amylolytic 
activity of the pancreatic juice is undoubtedly greater than that of saliva 
and the conditions under which this activity is exerted are far more 
favourable than any that can be devised for an artificial digestion. It 
might appear that the more natural course to have pursued would have 
been to at once put the above conclusion as to the action of pancreatic 
juice on starch to the test of experiment. For reasons however which I 
need not here state I was led to deal first with some points of apparent 
difference between artificial and normal tryptic digestion of proteids, and 
to reserve the further investigation of carbohydrate digestion for a sub- 
sequent series of experiments. These experiments are now in hand and 
will, I trust, confirm the views I have already expressed. 

To turn now to the tryptic digestion of proteids, The possible and — 
not infrequent presence of leucin and tyrosin in pancreatic juice was 
known before the proteolytic action of the secretion had been demon- 
strated. Apart from the more fragmentary statements of the preceding 
five years K6lliker and H. Miiller’ (1856), were the first observers 
who systematically investigated the occurrence of leucin and tyrosin in 
the secretion of the pancreas. Moreover they found these substances in 
microscopic amounts in the contents of the upper part of the small 
intestine of many carnivorous animals while they were wanting in the 
contents of the lower part. Though unacquainted with the proteolytic 
powers of the pancreatic secretion they discussed the possibility of the 
leucin and tyrosin having arisen from the decompositions of food in the 
intestine and, rejecting this view, concluded that they came solely and 
entirely from the pancreatic juice. In the same year Bernard’ published 


' 1 Verhandl, d. phys.-med. Gesell. zu Wiirzburg, Bd, vi. (1856), 8. 499. 
2 «« Mémoire sur le pancréas et sur le réle du suc pantréatique,” Paris 1806. 
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his collected writings on the secretion of the pancreas, and though he 
erroneously attributed its proteolytic powers to a necessarily conjoined 
action of the bile, this view was almost immediately shown to be wrong 


and the really specific action of the pancreatic juice on proteids first 


clearly demonstrated by Corvisart’. This observer did not however 
deal with the formation of leucin and tyrosin during pancreatic digestion. 
During the next ten years Corvisart’s results received but slight 
experimental confirmation at the hands of others and were indeed 
regarded as erroneous by the majority of physiologists. But in 1867 
Corvisart’s statements received certain and irrevocable confirmation 
fiom Kiihne’, who not only thoroughly established the specific proteo- 
lytic function of pancreatic juice and its importance in connection with 
the digestive changes which proteids undergo in the alimentary canal, 
but for the first time proved the simultaneous formation of large quantities 
of leucin and tyrosin during a pancreatic digestion. Inasmuch as my 
vwn experiments deal chiefly with the production of leucin and tyrosin 
during artificial and natural digestion it is necessary to state in slight 
detail the results obtained by Kiihne. As the result of one typical 
digestion he obtained 9°1 p.c. leucin and 3°86 p.c. tyrosin. These 
quantitative statements I can fully confirm from my own experiments 
for I have found that during active and moderately prolonged digestion 
8—10 p.c. of leucin are usually formed and 2—3 p.c. of tyrosin. - In 
continuation of these artificial digestions Kiihne then made experi- 
ments to determine whether proteids undergo the same changes 
during natural digestion in the intestine. He ligatured off a loop of 
the intestine into which the pancreatic duct entered, washed it out and 
introduced finely divided fibrin made into a semi-fluid mass by the 
addition of water. At the end of four hours during which time the 
loop of the intestine had lain enclosed in.the body cavity he found in 
its contents coagulable proteid, peptone, leucin and tyrosin. He 


estimated the tyrosin quantitatively and concluded that it could not — 


have been derived merely from among the chemical constituents of 
pancreatic juice but must have been formed, at least for the far larger 
part, by the digestive action of the secretion.on the fibrin. Upon this 
he finally based his conclusions that the natural and artificial digestion 
run a parallel course and result in the formation of the same products, 
and pointed to this production as a real case of ‘luxus consumption’, 

1 Gaz. hebdomadaire, 1857, tv. Nos. 15, 16; 21. ‘Sur une fonction peu connue dd 


pancréas.” Paris 1858. Nachrichten v. d. G. A. Universitit zu Gdttingen, 1859, Nr. 6. 
Virchow's Arch, Bd. xxxrx. (1867), 8. 130. 


3 See Voit’s criticism of Kiihne’s view in Zt. f. Biol. Bd. 1v. (1868), 8. 517. 
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_ Now although the parallelism of natural anf artificial tryptic diges- 
tion as regards the qualitative nature of the products formed was thus 
conclusively proved, but little light was thrown upon their quantitative 
relationships in the two cases. Kélliker and Miller obtained leucin 
and tyrosin in merely microscopic quantities: Kiihne in the experiment 
quoted above obtained only about ‘3 grm. of tyrosin and a like quantity 
of leucin during the digestion of 20 grms. of fibrin in the intestinal loop. 
Nor is there anywhere in subsequent literature down to the present 
time any statement that leucin and tyrosin occur in the intestine in 


other than microscopic quantities. Schmidt-Miilheim®’ alone has 


carried out systematic researches on the digestive changes which proteids 
undergo in the several divisions of the alimentary canal. From these he 
concluded that pancreatic juice plays a very subordinate part in the 
digestion of proteids, at least in the carnivora, and that leucin and tyrosin 
are either not formed at all or else in such small quantities that their 
absorption is of no physiological importance as a means of removing from 
the alimentary canal any appreciable amount of nitrogen derived 
ultimately from the proteid food-stuffs*. We are thus brought: face to face 
with a difficulty analogous to that with: which I have dealt under 
salivary digestion. In artificial. tryptic digestion large | quantities of 
leucin and tyrosin are always obtained ; in the natural digestion on the 
other hand, even in the most favourable cases, very little has been found 
and more usually either none or-a mere microscopic trace. There are; 
és far as I can see, only two possible explanations of the observed 
difference, both dependent upon the different conditions under which 
the natural and artificial digestion are carried on viz.:—as to the removal 
of digestive products. The more ‘probable and sufficient explanation 
might at once appear to be that although during natural digestion 
leucin and tyrosin are formed in’ normal amount, they are so rapidly 
removed that nothing more than very small quantities of them can be 
discovered in the intestine during active proteid digestion. But on the 
other hand it might be that the conditions of a natural digestion are 
such as to alter the course of the tryptic activity, and as in the case of 
starch, where sugar alone is the final product, so here also might peptone 
alone be the sole form in which nitrogenous material leaves the intestine. 

himself pointed to this for he mays (loc, cit. p. 170) 


3 f. Anat. u. Physiol. 1879, 8. 39. 
- 2 Tyrosin was detected only once and in traces in the course of the six experiments 
deseribed: leucin was met with in each but in merely microscopic traces. 

3 See also Bunge, Lehrb. d. physiol. u. pathol. Chem. Leipzig, 1887, 8. 176. 
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“Ueber die Grosse dieser Zersetzung im Darmkanale kann man sich 
vor der Hand noch keine Vorstellung machen, denn es ist méglich, ja 
sehr wahrscheinlich, dass die leicht diffusiblen Peptone zum itiberwie- 
genden Theile durch die Resorption den weiteren zerstérenden Einfliissen _ 
des Pankreassaftes entzogen werden.” This suggestion is still further 
emphasized by our present knowledge that leucin and tyrosin are to be 
regarded as products of the action of trypsin on the first-formed peptones 
and that the removal of peptones from the intestine is so rapid and com- 
plete that they occur in but small quantities in the alimentary canal 
during the most active proteid digestion. 

Notwithstanding that my. own personal convictions inclined me to 
regard the former as a sufficient explanation, still the possibility that a 
tryptic digestion in the dialyser might lead to results tending in the 
direction of the latter seemed to demand the speedy test of experiment. 
The question is one which has required greatly renewed importance in 
later years for it bears closely upon the formation of a portion, and it 
might be in some cases a large part, of the urea which leaves the body 
under a proteid diet. We know now that when leucin is administered 
to either mammals or birds some portion of its nitrogen reappears 
externally in a short time in the form of urea and uric acid respectively *. 
There is further cumulative evidence that the conversion is effected 
in the liver, exactly the organ into which the leucin would pass ainectly 
after its absorption from the intestine’. 

At the outset of the experiments I was less hopeful of obtaining a 
marked difference in the results of digestions carried on under otherwise 
similar conditions in the dialyser and a flask, than I had been in my 
similar experiments on starch, As in the former case so here the 
removal of digestive products was the chief factor at my disposal for 
producing any difference in the results of the two digestions, and in a 
tryptic digestion of proteids I had to deal with the relatively but 
slightly diffusible peptones as compared with the highly diffusible 
maltose. The relatively slow removal of peptones further introduces a 
difficulty which did not exist in the experiments on the digestion of 
starch. In the case of starch the question to be solved was its possible 

? Schultzen u. Nencki, Zt. f. Biol. Bd, vm. (1872), 8. 124. Bredschneider 
(Inaug. Diss.) Kénigsberg 1876. Centralb. f. d. med. Wiss. 1876, 8, 942. E. Salkowski, 


Zt. f. physiol. Chem, Bd. tv. 1879. Sn. 55 u. 100. von Knierim, Zt. f. Biol. Bd. xu. 
(1877), 8. 36. 


2 Frerichs u. Staideler, Miiller’s Arch. 1856, 8. 87. Schréder, Arch. f. exp. Path. u. 


Pharm. Bd. xy, (1882), 8. 364, xrx. (1885), 8. 373. Minkowski, Ibid. Bd, xxt. (1886), 8. 
40. Salomon, Virchow’s arch. Bd. 97 (1884), 8. 149, 
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complete conversion into one final product sugar under the favouring 
action of the removal of this product upon the further change of the 
non-diffusible bye-products dextrin. On the other hand in the 
tryptic digestion of proteids the question turns upon the relative 
amounts of peptones and leucin and tyrosin which make their appear- 
ance, Hence, if the leucin and tyrosin are the result of the further 
ferment action on the first formed peptones, and these peptones are 
removed but slowly, then the results of the digestion might throw but 
little light upon the changes which probably occur in the intestine 
where the peptones are rapidly and fairly completely removed as fast 
as they are formed. A really satisfactory answer would be obtained if 
the rate of diffusive removal of the peptones could be varied within wide 
limits during an artificial digestion, but at present I have not seen my 
way to constructing such an ideal dialyser. 

The experiments I have made have been numerous, and the rewults 
I obtained were constant in their broad outcome; it will hence suffice 
to describe only a few which are typical, and then to state the con- 
clusions which may be drawn from them. 

The dialyser employed was the same that I used in my experiments 
on starch only that in no case could I dispense with the inner vessel (g), 
inasmuch as the dialyser-tube required to be immersed in a solution of 
- sodium carbonate and thymol of similar concentration to that with 
which the digestive fluid was made up. As digestive fluid I used in 
most cases very pure solutions of trypsin as they may be obtained by 
following Kiihne’s most recent instructions’; in some few cases, I 
used a digestive mixture prepared by adding Benger’s ‘liquor pancre- 
 aticus’ to distilled water containing °*25 p.c. of sodium carbonate, and 
‘5 p.c. of thymol. Kiihne’s method yields an extraordinarily pure 
tryptic solution, but some eight days are required for the preparation 
of each portion of digestive fluid from either the fresh or dehydrated 
pancreas. Benger’s ‘liquor pancreaticus’ is so active when freshly 
prepared and contains so little of anything other than coagulable 
proteids and ferment, that from it an extremely active digestive fluid 
may be at all times obtained and employed without any fear of the 
introduction of extraneous matter in disturbing quantities*. 


1 Verhand, d. naturh,- med. Ver. zu Heidelberg, 111. (1886), 8. 463. Also, Centralb. f. d.. 
med. Wiss. 1886, No. 35. 

2 Benger’s ‘liquor’ contains some leucin and tyrosin, This was immaterial when 
equal quantities of the liquor were added to the contents of the dialyser and flask. The 
' ferments in the preparation may however be separated out from the leucin and tyrosin 
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‘The material used for digestion was fibrin in one of three different 
conditions either (A) boiled, dehydrated with alcohol, extracted with 
ether and dried, (B) boiled and subsequently air-dried, © air-dried 
without any preliminary boiling. 


. Experiment I. 12 grams of dey fibrin (A) were placed in a flask 
together with 150 c.c. of a moderately active digestive fluid; 12 grams were 
placed in the dialyser-tube also with 150 c.c. of the same digustive fluid, the 
tube being surrounded by 1500 c.c. of a solution of -25 p.c. sodium carbonate 
and ‘5 p.c. thymol‘warmed and kept constantly at 40°. Both were set to digest 
at 8.15 am. The fluid in the vessel surrounding the dialyser-tube was — 
changed every hour up to and including 12.15. At 10.15 the fibrin in the 
dialyser was observed to be largely breaking down into a granular debris ; at 
1.15 this breaking down appeared to be very complete and the digestion was 
_ stopped. During this same period the fibrin in the flask had undergone no 
obvious change to the naked eye. By violently shaking the flask the fibrin 
could be partially disintegrated, but no amount of shaking sufficed to break it 
down into a granular mass at all resembling the contents of the dialyser. 
_ Further a considerable portion of the fibrin in the flask was apparently so 
little altered that it could not be broken up by firmly fa ai it $ agatont the 
sides of the flask by means of a spatula. 

Examination of the contents of the dialyser, 

(i) The granular residue. This was separated by filtration and thoroughly 
washed on the filter. : Treated with 1 p.c. caustic soda it was completely and 
readily soluble and in its reactions and properties was found to be identical 
with the similar residue (anti-albumid) described by Kiihne’. . 
(ii) The filtrate from (i). On acidulating and boiling a trace of flocculent 
precipitate was obtained; this was filtered off, the filtrate concentrated to a 
small bulk on the water ‘path and precipitated. with an excess of hot 98 p.c. 
alcohol. The alcoholic filtrate, on concentration and aan, yielded a small 
crop of leucin and tyrosin crystals. 

(iii) The alcoholic precipitate from (ii). This precipitate was dissolved in 
water and was found to give strongly marked reactions* of proto-albumose and 
to contain traces of deutero-albumose*, The larger part of it consisted 
however of peptones as shown by the small amountof precipitate obtained 
when a portion of its solution was saturated with neutral ammonium sulphate‘. 


by the addition’ of four volumes of absolute alcohol, This precipitates’ the ferments: 
which may then be collected on a filter, dissolved i in an a medium and cnploget 
for digestion experiments. . 

1 Zt. f. Biol. Bd. xrx. (1885), 8. 197. 
[bid. Bd. xx. (1884), Sn. 17, 28. 

Neumeister, Ibid. Bd, (1887), 5. 385. 
. 4 Kiihne, Verhandl, d. naturh.‘med. Ver. zu Heidelb, N. 3, (1885),. 286. 
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| Examination of the contents of the flask, This was rr out eatery. to 
that: of the contents of the dialyser already described. 
(i) The undigested residue. Although at first sight it fad as if the 
fibrin had undergone but relatively little change during the digestion this was 
found not to be the case for on treating it with 1 p.c. caustic soda, the larger 
part went into solution, the remainder swelling up into a gelatinous mass. 
The portion soluble in the alkali was found to possess the properties of 
anti-albumid. From this it appears that although the fibrin had been but 
slightly changed in physical appearance, chemically it had been profoundly 
altered, but at the same time a much smaller portion had gone into solution 
than was the case in the dialyser. After this residue had been dissolved in 
1 p.c. caustic soda, it was reprecipitated by neutralisation : the filtrate from 2 
this neutralisation precipitate yielded a few crystals of leacin aad tyrosin on 
treatment in the usual way with alcohol. 

(ii) Zhe filtrate from (i). This yielded a mere trace of coagulum on 
acidulating and boiling. Treated with alcohol as was the corresponding filtrate 
from the dialyser it yielded a more copious crop of crystals of leucin and 
tyrosin than did the former. In both cases the amount of leucin and tyrosin 


formed was too small to admit of their separation and quantitative determination. 


(iii) The alcoholic precipitate from (ii). Dissolved in a bulk of water 
equal to that used for dissolving the similar precipitate from the contents of 
the dialyser, the solution gave stronger reactions of Protoalbumone than were 
obtained from the same precipitate from the dialyser. 

Examination of the dialysate. Acidulated and boiled it yielded no trace 
of cougulum, Concentrated and precipitated with excess of alcohol, the 
precipitate, when dissolved in water, gave no trace of the reactions 
characteristic of albumoses ;. the alcoholic filtrate yielded 1 a few crystals of 
leucin and tyrosin on vouioehitration and standing. 


_ ‘The above - experiment is chiefly of interest as showing how 
strikingly more rapid is the tryptic disintegration of proteids in its 
earlier stages in the dialyser as compared with a flask. As I have 
already said as far as ocular and physical observation went the fibrin 
in the flask was almost unaltered at the end of the digestion, This 
difference in the rate of the earlier digestive changes is the constant 
outcome of all my experiments, and is most marked where, as in the 
present case, the material to be digested is of an extremely indigestible 
kind, and is acted upon by a digestive fluid of moderate activity. 
When the fluid is very active and the proteid is in a readily digestible 
form, the difference in the rate of its initial disintegration in a flask 
and a dialyser is much less and may in some cases scarcely differ at all. 
This will be seen from some of my later experiments. Apart from 
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_ what Ihave described as the chief interest of this experiment, it yields 
additionally an indication of other differences between digestions in a 
flask and the dialyser which come out strikingly in some other experi- 
ments. These are that when in any given digestion the amount of 
proteid which has gone into solution in the flask is obviously and 
considerably less than that which has been dissolved in the dialyser, 
then (1) the former contains more albumoses than the latter; (2) the 
amount of tyrosin (and leucin) formed is usually less in the dialyser 
than in the flask. 

When the digestion of fibrin which has been rendered extremely 
difficult of digestion by treatment with boiling water, alcohol and ether 
is prolonged, the difference in the amount of finally undigested residue 
is much less than in digestions of shorter duration. The difference is 
however always in favour of the dialyser in comparison with a flask. 
This is shown by the following experiments. 


IL. 20 grams of dry fibrin were digested with 250 c.c. of digestive fluid 
for 23 hours ; at the end of this time the residue in the flask was 7-95 grams, 
in the dialyser 6-96 grams, 


III. 10 grams of the same fibrin were digested with 350 c.c. of has same 
fluid for 38 hours ; the flask now contained 2:24 Aes of undigested residue, 
the dialyser 1-89 grams, 

IV. 35 grams of the same fibrin were digested with 300 c.c. of digestive 
fluid for 6 days; the residue in the flask was 8-9 grams in the dialyser 6:36 


grams’. 


The occurrence of this undigested granular residue of anti-albumid 
in all artificial tryptic digestions is characteristic and in marked 
contrast to the results of a natural digestion where no such residue 
is obtained when digestion is completed. We have here in fact in 
anti-albumid a parallel case to that of the dextrin residue which, 
though it may be in only small amounts, is left even in the most 
complete artificial digestions of starch. The question naturally arises 
‘Is its constant formation to be taken as implying any fundamental 
difference in the final results of an artificial and natural digestion ? 
My own belief is that it is not but that the cause of the difference is 
to be sought in the even greater imperfectness with which we can 
imitate the natural conditions of tryptic digestion existing in the 
intestine in any artificial digestion out of the body. 


’ 1 The amount of undigested residue left in these nes accords with the — 
os Kihne. Zt. f. Biol. Bd, xix. (1883), 8. 
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Kiihne has shown’ how astoundingly resistant anti-albumid is to 
the action of trypsin, and the following experiment confirms this. 
15 grams of fibrin boiled and treated with alcohol were digested 
in the dialyser for 8 hours; at the end of this time the fibrin was 
completely broken down into a granular residue. The contents of the 
dialyser-tube were then concentrated in a flat dish at 40° so as neither 
to stop the digestion nor destroy the ferment. When concentrated to a 
small bulk the digesting mixture was replaced in the dialyser and 
digested again for 12 hours, then concentrated in a flat dish at 40° 
as before and so on repeatedly for a total period of 96 hours. At the 
end of this time the residue still amounted to 2°16 grams; it was 
soluble in 1 p.c. caustic soda and gave all the reactions characteristic of 
anti-albumid. 

Now my experiments have shown me that the more active the 

ferment solution is, and the more easily digestible the proteid is upon 
which it has to work, or in other words the more rapidly an artificial 
digestion takes place, the less is the residue of anti-albumid which is 
obtained*. Hence my belief that it is only the imperfection of our 
artificial methods which leads to the constant presence of this undi- 
gested residue of anti-albumid. 

It is now time to turn to the question of the formation of leucin 
and tyrosin in the dialyser as compared with a flask. The exact 
quantitative determination of leucin is a matter of such difficulty and 
is attended with such uncertainty and so much expenditure of time 
that I endeavoured to avoid it as far as possible. The quantitative esti- 
mation of tyrosin on the other hand is extremely easy and hence I 
asked myself the question, ‘Can I take the amount of tyrosin formed 
during any digestion as a measure at the same time of the simultaneous 
formation of still larger quantities of leucin?’ A priori it appeared 
perfectly justifiable to do so for in no case do I find any statements 
that when the leucin and tyrosin resulting from a tryptic digestion 
have been estimated quantitatively, the leucin occurs in amouuts less 
than the tyrosin. But further I have satisfied myself by a number of 
experiments, that whenever tyrosin is formed, leucin appears simul- 
taneously in even larger quantities, in a ratio usually of not less than 


1 Zt. f. Biol. xrx. (1885), Sn. 178, 197, xxr1. (1836), Sn. 436, 458. 
2 As an example of this 13 grams of fibrin which was only boiled before being digested 
when treated for 6 hours with only 100 c.c. of very active digestive fluid in the dialyser, 


yielded a total residue of only 1 gram. same 
time left 2°5 grams of residue. 
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8 of leucin to 1 of tyrosin (see above p. 244). And’ I have moreover 
found this to be the case during a digestion in the dialyser. I have 
hence finally used the simpler and more exact determination of the 
tyrosin formed during any digestion as proof and measure of the 
simultaneous formation of leucin’, 


EXPERIMENT v. 13 grams of fibrin which had been boiled 
then dried in the air were placed in the dialyser, and an equal weight in a 
flask. To each portion 100 c.c. of active digestive fluid were added and each 
was digested for 6 hours at 40°. 

Examination of the contents of the dialyser, 

(i) Ondigested residue (anti-albumid) = 1 gram. 

(ii) Filtrate from undigested residue. Acidulated and boiled it vialdeds a 
trace of flocculent precipitate, of so small amount that it might be neglected. 
This was removed by filtration, the filtrate concentrated and precipitated by 
excess of hot alcohol (98 p.c.). The precipitate thus obtained was thoroughly | 
washed with alcohol, dried and dissolved in 80 c.c. of water. The aqueous 
solution gave distinct but not very strongly marked reactions of deutero- 
albumose, 40 c¢.c. of the solution saturated with neutral ammonium sulphate 
gave a small amount of finely flocculent precipitate which on examination gave — 
the reactions of deutero albumose, 


(iii) Alcoholic Jiltrate from (ii). This yielded a copious crop of crystals 
of tyrosin on concentration and standing, These were collected on a weighed 
filter washed with a little water, then with alcohol and ether, dried at 100° 
and weighed, The weight of the tyrosin was *144 gram. The filtrate and — 
washings from the tyrosin were concentrated again and-on standing. was 
converted into a pasty mass of leucin crystals. 


Examination of the dialysate, Acidulated and boiled, it gave no 
coagulum, It. was then concentrated and precipitated with excess of hot 
alcohol, yielding a good flocculent precipitate. This was filtered off, washed, 
dissolved in 80 c.c. of water and tested. The solution gave none of the 
reactions of albumose. On saturating 40 cc. with neutral ammonium 
sulphate, the previously clear solution became distinctly cloudy, but did not 
yield an amount of precipitate to which any tests could be satisfactorily 
applied. I assume this cloudiness to be due to traces of albumose, This 
occurrence of traces of albumose in the dialysate is not surprising when it is 
remembered that the albumoses are distinctly diffusible as compared with 
unaltered -proteids, though of course much less so than true peptones. 


. 1 have naturally never omitted to control my results by verifying the occurrence of 
leuein and forming an opinion as to.the amount present in any digestive residue by the use 
of the microscope. 
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Kiihine has shown’ that a very appreciable loss. of albumoses may occur 
during their purification by dialysis: : 

The alcoholic. filtrate from the tated peptones on oonenti- 
tration and standing *139 grams of tyrosin, and the filtrate from the tyrosin 
on subsequent further concentration a good crop of leucin, The total 
quantity of tyrosin formed during the digestion amounted thus to "283 sae 
Examination of the contents of the flask. 
(i) Undigested residue (anti-albwmid) = 2°5 grams, | 
(ii) Filtrate from (i). This yielded a trace of flocculent caotea on 
boiling. On. concentration it gave the reactions of deutero-albumose and 
contained rather more of this substance than did the similar filtrate from _ 
the dialyser. This statement must however be received with some reserve, — 
since it is not based upon an actual weighing of the albumose as precipitated 
by ammonium sulphate but upon the comparative intensity of the albumose 
reactions which it yielded and upon the relative amount of — . it 
appeared to yield by saturation with the ammonium salt. 
(iii) Alcoholic filtrate from -(ii). This yielded on concentration ~ 
standing ‘341 grams of tyrosin. 


Expertmext VI. 20 grams of unboiled, air-dried fibrin were: 
with 100 cc. of very active digestive fluid in‘the dialyser and a ‘similar 
quantity in a flask for 7 hours.. The method of examination of the contents 
of the dialyser and flask and of the dialysate were the same as in the 
previous experiment, so that the results alone need be stated.. 

Dialyser. (i) Undigested residue = 4°6 grams, 

(ii) Filtrate from (i). Coagulum on acidulating and boiling 4 ‘5 grams: 
Filtrate from this coagulum contained and traces of deutero- 
albumose, 

(iii) Alcoholic filtrate from (ii). Yielded ' 99 grams of tyrosin. 7 

Dialysate. No coagulum on acidulating and ee Traces of adhe 
mese(?) °06 grams of tyrosin. 

The total tyrosin formed during the digestion was thus 28 grams, 

Flask. (i) Undigested residue = 6°6 grams, 

(ii) F%iltrate from (i). Coagulum on acidulating and boiling 3-2 grams, 
The filtrate from this contained rather more (?) prot-albumose than did the 
similar filtrate from the dialyser. 

~ i) Alcoholic filtrate from (ii). Yielded -328 grams of tyrosin. 


The most important results of the above typical, experiments are 
these: (1) The undigested residue in a flask-digestion is always greater 
than that of a dialyser-digestion, other conditions being the saine, 
(2) the amount of tyrosin and leucin formed in a flask-digestion 
1 Zt. f. Biol. Ba. xx. (1884), 8. 27 (Foot-note). ‘ 
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is always greater than in a dialyser-digestion, other conditions being 
the same. The question now arises, ‘How far can any conclusions be 
drawn as to the ultimate products and probable formation of leucin 
and tyrosin in a natural tryptic digestion in the alimentary canal, 


from a comparison of the results of a flask-digestion and of a dialyser- 


digestion?’ As regards the first point at issue, I have but little doubt 
that these experiments afford an explanation of the absence of any 
anti-albumid residue in a natural digestion and its marked and 
constant appearance during an artificial digestion, But as regards — 
the probable formation of leucin and tyrosin in natural digestion the 
question admits of two replies. It may be argued that inasmuch 
as a flask-digestion always shows an excess of leucin and tyrosin 
when compared with a dialyser-digestion, this is due to the fact that 
in the latter by the removal of the diffusible peptones the material 
is taken away from which leucin and tyrosin would have arisen 
under the further action of the trypsin. From this it might be urged 
that if the removal of the peptones were as rapid and complete as 
it is in the alimentary canal only inappreciable quantities of leucin and 
tyrosin would be formed. On the other hand it might be said that 
inasmuch as only slightly less leucin and tyrosin are formed when 
the peptones are removed than when they are not, therefore in the 
natural digestion in the alimentary canal much leucin and tyrosin must 
be formed and presumably absorbed. Personally I am not prepared to 
give a decisive answer in either way and feel myself confronted with 
the difficulty which I suggested in an earlier part of this paper 


(see page 247) would arise. The problem turns upon the interaction — 


of the following factors, digestibility of the proteid, activity of the 
digestive fluid, rapidity of removal of peptones. The last of these 


three exerts a twofold influence on the whole process, for it not merely 


removes the material from which leucin and tyrosin might be formed 
and hence tends to lessen the amount of their formation, but it also 
hastens up, per se, the zymolytic’ activity of the digestive fluid and 
in this way is favourable to their formation. There is no doubt 
that the more digestible the proteid is and the more active the 
digestive fluid, the greater is the amount of the amido-acids formed 
during digestion. Applying these views to the changes taking place 


1 I would suggest that the term ‘zymolysis’ might be conveniently used to denote 
generally the changes produced by the enzymes or unorganised ferments. It would thus 
be equivalent to the ‘‘Fermentwirkung” of the Germans and be as distinct from 
fermentation’ as is ‘Fermentwirkung’ from ‘ Gahrung.’ 
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in the intestine there can be but little doubt that the condition; 
under which the pancreatic juice works must lead to the formation 
of leucin and tyrosin. For in the first place the pancreatic juice is 
extremely active, and the proteids submitted to its action are in a 
condition favourable to that action. Moreover, although the peptones 
are rapidly removed from the intestine their rate of exit never keeps 
pace with their rate of formation, so that some peptone is always found 
in the contents of the intestine during proteid digestion’. Finally, this 
peptone is being submitted to the action of pancreatic juice under 
conditions most favourable to its action. The views I have thus 
expressed receive very satisfactory confirmation when we turn from 
a consideration of what is likely to occur in the intestine to 
an examination of what really does take place. At the outset of 
these experiments I took for granted the existing statements that 
leucin and tyrosin are either not found in the intestine during 
_ proteid digestion or else are only obtained in ‘microscopic’ amounts. 
Indeed it was this belief which led me to undertake the research. 
When however I proceeded to verify these statements I obtained 
results which have made me materially modify my original belief, 
for I found by analysis of the contents of the intestine during proteid 
digestion evidence of the existence in them of such an amount of 
leucin and tyrosin as indicated a very considerable formation of these 
substances’. The following are the experiments I made. 


Experiment VII. A large greyhound was fed on a moderate meal of 
dog biscuits at 12.0 o'clock one day. At 10 a.m. the next morning he was 
given 500 grams of beef-steak carefully freed from fat, and cut up into lumps 
the size of walnuts, He ate this freely and was ready for more, so that there 
was no question of the meal being forcedly excessive. At the end of six 
hours the dog was killed by chloroform, and double ligatures were tied round 
(i) the pyloric end of the duodenum, (ii) below the upper third of the intestine, 
(iii) the lower end of the ileum. By cutting between the ligatures I thus 
divided the whole intestine with its contents into an upper one-third and 
lower two-thirds, The stomach contained a semi-solid mass of partially 
disintegrated food in which small lumps of the original steak could be 
clearly seen: the total weight of the contents of the stomach was 94 grams. 


1 See Schmidt-Miilheim, Arch. f. Physiol. 1879, 8. 43. 

2 Statements are not uncommon that pancreatic juice itself contains leucin and tyrosin. 
Kiihne however found no trace of tyrosin in half a litre of the fresh coagulable juice from 
a number of dogs, and leucin in merely microscopic amounts. (See Verhand. d. Naturhist.- 
‘med. Vereins. Heidelberg, Ba. 1. Hft. 4, 1876.) 
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Examination of the contents of the upper third of the intestine. On 
removing the ligature from one end, and suspending it by the other, 
very little fluid contents could be drained out, and the amount was 
but slightly increased by stroking the intestine between the fingers. 
The reaction was faintly acid. The intestine was then thoroughly 
washed out with several portions of cold water, the washings added 
to the contents, strained through muslin, acidulated with acetic acid 
and boiled. By this treatment it yielded a considerable amount of 
flocculent coagulum, from which a perfectly clear filtrate was obtained. 
This filtrate was concentrated to a small bulk on the water bath and 
gave a solid crust of tyrosin crystals on standing for 24 hours. These 
were removed by filtration. The filtrate from the tyrosin was pre- 
cipitated with a large excess of hot alcohol, and the alcoholic filtrate 
on concentration and cooling became pasty owing to the large mass 
of leucin crystals which made their appearance. 

Examination of contents of lower two-thirds of intestine. As in 
the upper third so here the amount of contents was small. Their 


reaction was alkaline and their colour greenish. The intestine was 


thoroughly washed out, the washings mixed with the contents and 
treated in the way already described. The final yield of leucin and 
tyrosin was decidedly greater than was that of the upper third of 
the intestine. 


In order to put the identity of the crystals beyond doubt I sited 


_ the two crops of, tyrosin and leucin, recrystallised the former once — 
from boiling water and the latter twice from boiling alcohol. The 


purified products thus obtained gave every test which is characteristic 
of leucin and tyrosin respectively. It is unfortunate that I did not 
weigh the leucin and tyrosin before using any portion of them for 
the several tests, but that the amount of each was originally large 
is seen at once from the fact that I now possess 1 gram of pure 
leucin and ‘3 grams of pure tyrosin after the loss inseparable, more 
particularly in the case of leucin, from the process of recrystallising 
and after making all the tests necessary for the. certain identification 
of the crystals. 

The results of the experiment I have just described are the most 
striking I have ever obtained, but they differ only quantitatively 
from all the others. In fact I do not hesitate to say that when- 


ever there is reason to know that any considerable digestion of 


proteids has taken place in the alimentary canal very appreciable, 
and in some cases large, amounts of leucin and tyrosin may be 
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obtained from the intestine. In the case of a dog which had 
fasted for 24 hours before he came into my hands I failed to find 
any leucin or tyrosin in the small intestine. Similarly I failed to 
obtain more than microscopic amounts of these substances in the 
ease of an apparently healthy dog which was fed with 300 grams 
of lean meat, but which for some unknown reason during the ensuing 
six hours scarcely digested any of the meat, as estimated by the fact 
that at the end of this time the meat was found in an almost 
unaltered condition in his stomach. 

I have further observed that in cases where but relatively little 
leucin and tyrosin can be obtained from the contents and washings 
of the intestine, a fairly considerable quantity can be obtained from 
an aqueous extract of the finel ki minced mucous membrane of the 
intestine. 

The result of Experiment VIL. is of itself siallnbentty: striking, 


but it is even more so when it is remembered that the amounts 


of leucin and tyrosin which were then obtained represent merely 
a residue of that which was probably formed during the digestion, 
for there is no reason to suppose that active absorption of these 
substances had not been proceeding during the digestion. 

My experiments thus fully confirm the views originally expressed by 
Kiihne and leave but little doubt that leucin and tyrosin are formed in 
not inconsiderable quantities during natural tryptic digestion. This 
being so the speculation not unnaturally arises as to the physiological 
significance of a process which at first sight appears to result in a 
degradation of the potential energy of proteids under conditions such that 
the energy set free can be of but little use to the economy. It is from 
some such consideration as this that Bunge’ rejects the probability of 
the formation of any appreciable quantity of leucin and tyrosin during 
normal digestion. Is it, however, quite certain that this apparently 
useless degradation of energy may not be of real importance to the 
economy ? Leaving tyrosin out of account for the present, the evidence 
is fairly conclusive that leucin is partially converted into urea in the 
body, and that this conversion is effected by the liver. We know 
further that out of the body the digestibility, nature and amount of a 
proteid and the varying activity of a digestive fluid determines to a 
considerable extent the course of an artificial digestion. These factors 
must make themselves felt, and probably to a still greater extent 


1 Lehrbuch d. physiol. u. path. Chem. S, 176. 
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during the changes accompanying natural digestion, so that as Foster 
points out’, it is conceivable that the formation of leucin in varying 
amounts may act as a sort of safety-valve to the economy, diverting 
from the tissues the burden of an often unnecessarily large proteid 
metabolism. But even if there be no reason for assenting to this view 
we are still not driven to deny, on purely teleological grounds, the 
existence and possible importance of the formation of leucin and tyrosin 
during tryptic digestion. Leucin and tyrosin and other amidated bodies, 
such as asparagin, occur characteristically in plants, and most especially 
in such parts of the organism as afford a store of reserve material 
whether to the adult plant, as in bulbs, tubers &c. or in the cotyledons 
of the embryo plant, viz. the seed. They are probably in such cases 
products of the retrogressive metabolism of proteids, although it is 
possible that they may be built up from simple sources by the synthetic 
activity which is so characteristic of plant metabolism. Whether they 
are formed analytically or synthetically there is no doubt that they play 
an all important part in the constructive plant metabolism which 
resultsin the formation of proteid material. Green plants can obtain the 
nitrogen they require from the amides; seedlings draw their nitrogen 
from the reserve stores of the seed in the form of amides, and the same 
holds good for the transference of nitrogen from the reserve stores of 
adult plants to the growing shoots. Even when the nitrogen is largely 
stored as proteid in many cases, this proteid appears to be decomposed 
with the formation of amides, in which latter compounds the nitrogen is 
carried to the tissues for their synthetic growth. | 

Plant physiology further furnishes evidence that the formation of 
proteid from the amides is the result of the union of these amides with 
some non-nitrogenous material. Thus Lupin-seedlings when grown in 
the dark contain much asparagin ; if exposed to the light the asparagin 
gradually disappears, but only in the case where the possible simul- 
taneous formation of non-nitrogenous material is provided for by the 
presence of carbon dioxide in the surrounding air*. These considerations 
drawn from the domain of plant physiology suggest at once that the supply 
of amides to the animal body may also be of importance to its tissues. 
That the importance should be less to an animal than toa plant is easily 
understood when the preponderance of destructive over synthetic metabo- 
lism in the animal organism is taken into account. Animal protoplasm 


1 Text-book of Physiology, Ed. v., Pt 11. (1889), p. 476. 


2 I am indebted to Vines’ wits eaten of Plants, pages 124, 150 and 174 for the facts 
which I have here adduced, 
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is however possessed of marked synthetic powers’, and the amides drawn 
from the alimentary canal may play a similar part in facilitating the course 
of certain of these synthetic activities, as they are already known to do 
in plants. There is thus no & priori reason for assuming, as some do, 
- that the formation of leucin and tyrosin in the alimentary canal must 
necessarily be a waste of potential energy to the body, and that hence 
their formation in any quantity cannot be expected. It may be objected 
to this view that if the amides from the alimentary canal are thus 
regarded as contributing to synthetic processes which may result in the 
formation of substances of use to the body, what is to be said about the 
evidence of the direct conversion of leucin into urea by the liver? Asa 
- matter of fact the two views are not by any means incompatible, and 
may both be correct to varying extents. Thus although when leucin 
is introduced into the alimentary canal the output of urea is increased, 
there is a considerable deficit between the amount of nitrogen intro- _ 
duced as leucin and the extra amount which leaves the body as urea. 
This. is evident from an examination of Schultzen and Nencki’s 
original quantitative results and from the experiments of Bredsch- 
neider*, Hence it appears that the portion of the leucin which did 
not give rise to an equivalent increase of urea must have undergone 
- some change other than a conversion into urea, As a matter of fact 
Schultzen and Nencki’s experiments are much less conclusive than 
is usually assumed to be the case; this.is evident from Salkowski’s 
criticism of them*. A careful repetition of their experiments by this 
author, so as to exclude the sources of error in the original experiments, 
has shown that in the case of glycocoll although more urea is excreted 
when this substance is administered with the food, the increase is not 
by any means proportionate to what would result from a complete 
conversion of the amide into urea. In some cases a portion of the 
glycocoll was excreted unaltered. It is unfortunate that Salkowski 
did not similarly repeat their experiments with leucin, for it is possible 
that had he done so there would have been a still larger want of 
equivalence in the quantitative conversion of this substance into urea, 
analogous to the difference which existed in Schultzen and Nencki’s 
results. Much stress is laid on the fact that in certain diseased 
conditions of the liver (acute yellow atrophy) urea largely disappears 
from the urine and leucin takes its place, to prove that normally 
urea is made from a conversion of leucin. But it is equally possible 


1 Pfliiger’s Arch. Bd. xu1. (1888), 8. 144. 2 Cf. references on page 246. 
| 3 Zt. f. physiol. Chem. Bd. rv. (1880), Sn. 101, 102. 
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that the leucin may make its appearance in these cases as the 
result. of a cessation of the normal synthetic hepatic activity, the 
leucin being thus left unused and discharged accordingly. The 
simultaneous diminution in the output of urea presents some diffi- 


_ culties according to the above view, but these are lessened by the 


knowledge that the urea does not diminish in all cases, and we need not 
therefore lay too much stress on the ‘ post hoc ergo propter hoc’ argu- 
ment. This view of the possible importance of the amides for synthetic 
purposes accords well with the fact that it is to the liver that they are 


primarily conveyed, an organ in which the phenomena of the storage of 


large quantities of non-nitrogenous material, glycogen at all times and 
frequently fat, are so markedly prominent, thus presenting a sug- 
gestive analogy to the facts which I have already taken from plant 
physiology’. 

It is moréover significant that leucin and tyrosin: may be obtained 
in small but very constant amounts from most of the tissues and many 
of the fluids of both the vertebrate and invertebrate animal body*. It 
is immaterial whether as thus obtained they represent ready-made 
leucin and tyrosin or are the result of a splitting up of more complex 
compounds, of which they constitute a part, either on the death of the 
tissue or during the process of extraction. If the latter view is correct 
they still represent a leucin- and tyrosin-potentiality of the protoplasm 
from which they have arisen. It cannot be argued that they have 
arisen as the result of any distinct chemical reactions analogous to those 
necessary for their production out of the body, for they are obtained in 
the simple aqueous and alcoholic extracts of the respective tissues *. 
The conclusion seems very legitimate that these substances are thus 
widely spread in the animal body because they are closely related to the 
metabolisms of the several tissues... Whether they are playing a part in 
the constructive or destructive changes of the tissues we do not know. If 
the former, then the supply of amidated compounds from the alimentary 
canal becomes at once purposeful; if the latter, then it is not difficult to 
understand that these substances might be taken to some other organ, 
such as the liver, to be there worked up into some form in which 
they are again of use to the tissues. And in accordance with this we 


1 Salkowski und Leube, Die Lehre vom Harn, 1882, 8. 430. 

2 vy. Gorup-Besanez, Lehrb. d. physiol, Chem. Ed. 1v. 1878, pp. 225, 227. 

3 We do not know whether kreatin exists ready-made as such in the living muscle or is 
split off at the death of the tissue to make its appearance in simple extracts of this tissue. 
But notwithstanding this the belief is general that kreatin plays some important part in 
muscular metabolism, 
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find that there is still a surplus of energy in some at least of the amides 
(glycocoll and asparagin) as compared with urea, as based upon their 
respective heats of combustion’. The heat of combustion of leucin and 
tyrosin have not yet been determined, as far as I am aware, but there is 
every reason to suppose that leucin certainly, if not tyrosin also, will be 
found to resemble other known amidated acids. | 

Schultzen and Nencki regarded the amido-acids as the form in 
which nitrogen primarily leaves the tissues to undergo a final conversion 
into urea in some other organ (? liver) before its exit from the body. 
Salkowski while accepting this as a possibility expresses himself in 
very guarded terms as to how far such a process probably takes place 
in the normal metabolism*. Drechsel assumes this to be without 
doubt the normal process*, There is, however, but little positive 
evidence in support of such a view, for in the first place there is no 
proof of the constant exit of amido-acids from the tissues. The only 
hint of such a possibility is to be found in von Frey’s experiments on 
the metabolism of muscles‘; but in these the amidated acids which 
were obtained in increased quantities from the muscles are not chemi- 
cally specified and not a trace of leucin or tyrosin was found. In the — 
second place it is not probable on theoretical grounds that the nitrogen 
leaves the tissues in the form of amido-acids’, for the proteids do not 
contain sufficient carbon to convert their nitrogen into amido-acids ; 
and this difficulty is even more obvious when it is borne in mind that 
in many cases a large part of the carbon of the proteids is split off in 
the form of non-nitrogenous fat and it may be sometimes of glycogen. 
It is far more probable that the nitrogen leaves the tissues in some 
compound rich in nitrogen, such as (?) kreatin, in which there are only 
four atoms of carbon to three of nitrogen. There is thus on the whole 
very little evidence for regarding the amido-acids as the forerunners of 
urea in the normal metabolism, and their functional importance must 
be sought in some other direction. | 

Finally, if my view is correct it may explain the significance of 
the formation of tyrosin during proteid digestion. Tyrosin unlike 
leucin does not lead to any marked or constantly increased excretion 

1 Stohmann, Jn. f. prakt. Chem. N. F. Bd. xxxr. (1885), S. 273. Also in Landwirth, 
Jahrb. xt. (1885), 8. 513, 

2 Loe. cit. 8.129. See also Die Lehre von Harn, 8. 67. 

3 Ber. d. k. Stichs. Gesell. d. Wiss, Leipzig 1875. Jn. f. prakt. Chem. Bd. xu. 1875, 
8. 417; Bd. xxu1. 1880, 8. 476; Arch. f. Physiol. Jahrg. 1880, 8. 550. 


4 Arch. f. Physiol. Jahrg. 1885, 8. 558. 
5 Bunge, Lehrb. d. phys. path. Chem. 8, 282. 
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of urea if any’, so that its formation during digestion presents even 
greater difficulties than does that of leucin. But now the possibility 
arises that the tyrosin also plays an important part in the synthetic 
processes which may occur in the liver or elsewhere, supplying in a con- 
venient form the aromatic residues which undoubtedly exist in many of 
the substances of which the animal body is partly composed, and notably 
the proteids. There is some conflict of opinion as to the excretion of 
tyrosin in the urine in cases of disease of the liver, whether natural 
(atrophy), or artificial (phosphorus poisoning). But the balance of evi- 
dence seems to be that it does make its appearance in these cases’. If 
this is so then under normal conditions this tyrosin must be converted 
| _ into something else and be playing some part in the hepatic (? synthetic) 
| metabolism. We thus have in the liver a centre towards which is 
directed a constant supply of amidated acids, leucin and asparaginic 
(aspartic) acid*; of an amidated aromatic acid, tyrosin ; of non-nitro- 
genous (carbohydrate) material. Further, the liver receives a constant 
supply of Sulphur and Iron in the product resulting from the dis- 
integration of haemoglobin“. A considerable part of the iron thus taken 
to the liver is retained by it, for though bile contains some iron it is less 
in amount than would result from the decomposition of the haemoglobin 
requisite to yield the bile-pigments. Further the iron which is retained 
probably exists in the form of some organic compound in the hepatic 
cells, The sulphur also apart from any relationship to the proteids of 
the hepatic cell may perhaps take part in the formation of some complex 
organic substance ® Corresponding to this varied supply of complex 
materials we have every reason to suppose that the metabolic processes 


1 §chultzenu.Nencki. Zt. f. Biol. Bd. vim. 1872, 8.135. Kiissner, Inaug. Diss. 
Konigsberg, 1874. Brieger, Zt. f. physiol. Chem. Bd. 1. (1878), 8. 256. 

2 Frerichs u. Stadeler, Miiller’s Arch., 1856, 8.47. Frankel, Berl. klin. Wochensch. 
1 1878, 8..265. Sotnitschewsky, Zt. f. physiol. Chem. Bd, m1. (1879), 8. 82. Blender- 
| mann, Ibid. Bd. v1. (1882), 8. 234. Schotten, Jbid. Bd. vu. (1883), 8. 23. Irsai 
| | | (Russian), Abst. in Med.-chir. Rundsch. 1884, 8, 826. Rosenheim, Zt. f. klin. Med. Bd. 
| xy. (1888), 8. 441, Roéhmann, Berl. klin. Wochensch. 1888, N™ 43 u. 44. 


3 Now known to be a possible product of pancreatic digestion; Salkowski, Ber. d. 
deutsch. chem. Gesell, 1874, 8. 1050. von Knierim, Zt. f. Biol. Bd. x1. (1875), 8. 199. 

4 Zinoffsky’s analyses (Zt. f. physiol. Chem. Bd. x. (1886), 8. 15), make it probable that 
there are 2 atoms of S to each one of Fe in the haemoglobin of the horse. In the same 
substance from a dog there may be even 3 atoms of 8 to each one of Fe. Jaquet, Ibid. 
Bd. x11. (1888), 8. 285, See also Hiifner, Beitr. zur Physiol. (Ludwig's Festsch.), 1887, 
8. 74.. 

5 Zaleski, Zt. f. physiol. Chem. Ba, x. (1886), 8. 453. Baserin, Arch. f. exp. Path. u. 
Pharm. Ba, (1887), 5. 145. 

6 Drechsel, Jn. f. prakt. Chem. Bd. xx. (1886), 8, 425. 
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which occur in the liver are of astounding diversity and complexity. 
What then is more natural than that the leucin and tyrosin should 
contribute their share to the ensemble of these processes? If this be 
so then their constant formation during proteid digestion need cause no 
surprise. It would be a very satisfactory conclusion to the views I have 
expressed if it were possible to suggest any specific réle to these substances 
in the aggregate of either hepatic or other metabolic processes. Our 
knowledge is as yet too imperfect to permit of this, and we must for the 
present suppose that leucin and tyrosin are formed during digestion in 
order either to be applied at once and directly to some probably 
synthetic processes, or else to maintain the general stock of these sub- 
stances in the body. As I have pointed out above, leucin and tyrosin are 
widely spread in the tissues, and most probably play a not unimportant 
part in animal metabolism, as they are known to do in plants. This 
will imply a constant loss of these substances to the economy which 
must be made good. It must however be distinctly understood that 
I do not commit myself to the view that the amides play identically the 
same part in the animal body that they are known to do in the plant 
economy. We know that animal metabolism is preponderatingly 
destructive in its final results, and hence the organism requires to be 
fed with nearly ready-made proteid material. It would be quite 
inconceivable that the animal organism should construct its proteids 
from the nitrogen contained in the amides’, The possibility which 
I wish to urge is that the amides play some distinct part in the sum 
total of the chemical changes which constitute the life of the tissues, 
and hence are essential to their metabolism. For the present and 
until we are possessed of more definite information I can only liken 
their importance to that of the inorganic salts and the extractives of 
beef-tea or other meat-extract. We do not know what part these play 
exactly in tlfe total processes of tissue metabolism, but we do know 
that the salts are in some way essential, and that the extractives are an 
extremely important accessory to that metabolism. 


1 But see Pfliiger in Pfliiger’s Arch, Bd. xx11. (1888), Sn. 146, 153. 
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PITURI AND NICOTIN. By J. N. LANGLEY, FRS, Fellow 
‘and Lecturer of Trinity College, ann W. LEE DICKINSON, 
M.B., M.R.C.P., Caius College, Ca 


PiTuRI is an alkaloid which is extracted from the leaves of a shrub 
(Duboisia Hopwoodii*) which grows in certain parts* of Australia. The 
blacks of Australia make with the leaves a quid for the purpose of 
chewing’. The accounts differ somewhat as to the object of taking 
pituri. There seems little doubt that in the main it is taken for ill- ~ 
defined reasons like those which lead many people to smoke tobacco’. 
It is said to be used before fighting or embarking on any serious 
business“, It is also said to be taken with a view to deaden hunger or 
to support excessive fatigue’. 

Our supply of the alkaloid we owe to the kindness of Prof, Liver- 
sidge of the University of Sydney. He extracted the alkaloid from 
leaves given him by various friends and chiefly by Mr de Renzie 
Wilson. 

On account of the difficulty of obtaining itl not many observations 
have been made with it. 


| Previous chemical examinations of pituri. 
v. Miller, whom we quote from Liversidge (op. cit.), states that 
pituri is in some respects allied to nicotin, but is more closely akin to 


the duboisin of Duboisia myoporoides, and Ladenburg® states that 
the alkaloid of Duboisia myoporoides is identical with hyoscyamin. 


1 y, Miller, Frag, Phytograph. x. 20. 1877. 

2 Cp. Bancroft. Jour, Queensland Phil. Soc., Sept. 4, 1879. 

3 Cp. Liversidge, Proc. Roy. Soc., New South Wales, 1880. 
4 Bancroft. Jour. Queensland Phil, Soc. March, 1872. 

5 Murray. Letter to Lancet, Jan. 18, 1879. 

6 Ladenburg, Comptes Rendus. 1880. Vol. xc. p. 874. 
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Petit’ finds that pituri is identical with nicotin, but Liversidge’ 
considers that Petit’s conclusion is made on imperfect grounds, and 
that pituri differs in some of its reactions from nicotin. —e to 
Liversidge the formula of pituri is probably C,,H,,N,. 


Previous ddtevelives on the physiological action of pituri. 

Bancroft? after describing in some detail the effects of giving an 
infusion of pituri to various animals, sums up the characters of the 
successive stages produced, as follows. 

(1) A period of preliminary excitement from apparent loss of the 
inhibitory power of the cerebrum, attended with rapid respi-_ 
ration, and in cats and dogs with vomiting and profuse secretion 
of saliva. 

(2) Irregular muscular action followed by general convulsions. 

(3) Paralysis of the respiratory function of the medulla. | 

(4) Death, or 

(5) Sighing respirations at long intervals. 

(6) Rapid respirations and returning consciousness. 

(7) Normal respirations and general torpidity, not unattended with 
danger to life. 

He found that the effect of the poison was greater when injected 
into the intestine, than when injected into the stomach. In the latter — 
case the first stage of excitement was longer, the convulsions were not 
so severe, and recovery was more certain. He states also* that in the 
dog pituri causes the eyes to be buried in the orbit, only duplicatures of 
the conjunctiva being visible, and this although the animal may be 
quite sensible and able to come to call. 

Ringer and Murrell® give a detailed account of the effect of 


injecting sub-cutaneously about 3 mgs. of pituri in one cat, and about 


18 mgs. in another. In the former case ‘the drug produced hurried and 
laborious breathing; much muscular weakness with slight twitching ; 
slight dryness of the mouth; slight drowsiness and wide dilatation of the 
pupils. The symptoms developed very rapidly and lasted but a short 
time. In the latter case the additional symptoms were: ‘salivation 


1 Petit. Jour. Pharmaceutical Soc, April 5, 1879. 
2 Liversidge. Op. cit. and Chemical News, 1881. 
3 Bancroft. Op. cit. 1872. 

4 Bancroft. Op. cit. 1879. 

5 This Journal, Vol. 1. p. 377. 1879. 
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followed by dryness of the mouth, strong tonic rigidity of the limbs as 
well as powerful clonic twitching of all parts of the animal.’ The local 
application of pituri to the eye of a cat caused wide dilation, lasting 6 to 
12 hours. 

From their experiments they concluded that pituri was a powerful 
antidote to the action of muscarin upon the frog’s heart; applied directly 
to the frog’s heart, ‘it produced no change unless it somewhat strength- 
ened the contractions,’ They suggested that pituri was atropia slightly 
modified. 

In a later paper Ringer and Murrell’ state that in man +, to 4 gr. 
(6'5 to 8 mgs.) of nitrate of pituri given hypodermically produces ‘general 
weakness, slight rhythmic tremor, quickens the pulse and respirations, 
and produces general perspiration, in some cases slight, in others abun- 
dant,’ <A slight contraction of the pupil was caused, but neither 
increased nor decreased salivation. The symptoms disappeared in half- 
an-hour. They state also that pituri antagonizes the action of pilocarpin 
upon the frog’s heart. Mr Waters, experimenting at their request, found 
that pituri has ‘no direct effect on the number or force of the heart’s 
contractions, but so affects the vagi that electrical stimulation of them 
no longer slows or arrests the heart, but increases the frequency of the 
beats. In consequence of these experiments they considered that pituri 
is more closely allied to tobacco than to any other solanaceous plant. 

_ Fraser’ finds that the extract and active principle of the leaves of 
pituri act as local irritants, and cause death mainly by rendering respira- 
tion impossible. The circulation however is also affected; the strength of 
the cardiac systole is at first increased and afterwards diminished; the 
cardio-inhibitory fibres of the vagus are at first stimulated and then 
paralysed; the arterial blood pressure is at first increased and then gréatly 
diminished; contraction of the pupil occurs before death. In frogs the 
peripheral terminations of the motor nerves are paralysed, and the 
cutaneous pigment becomes diffused. Direct application of pituri to 
the eye causes a brief contraction of the pupil followed by a dilation. 
Fraser points out the close resemblance between the action of pituri 
and nicotin, but as he did not observe on applying nicotin to the eye, 
a dilation to follow the primary contraction, he is doubtful as to the 
— of the alkaloids. * 


1 Ringer and Murrell. This Journal, Vol. u. p. 132. 1879. 
* Fraser. Proc. Royal Soc. of Edinburgh. May, 1879. Vol. x. p. 200. 
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It would appear from the preceding accounts that pituri resembles 
nicotin in most, but differs from it in a few, of its actions. 

The main result of our experiments, as far as the action of pituri is 
concerned, can be given in a very few words, its physiological action 
is identical with that of nicotin. 

It is of course possible that pituri leaves, like tobacco leaves, may 
contain more than one alkaloid; but that pituri leaves contain nicotin does 
not, we think, admit of doubt, unless we suppose that different chemical 
substances can have the same physiological action. We have made a 
fairly complete comparison between the action of pituri and that of 
nicotin and have been unable to find that the two differ in any respect. 
The smell of the pituri given us is not the same as that of the nicotin 
in our possession, but as the smell of nicotin, both as regards quality 


and intensity, varies on exposure to light and air, this character is of 


no importance, 

It would be sufficient to indicate briefly the kind of observations 
which we have made, but that in the course of them, we have found 
some effects of nicotin which have not previously been described. We 
propose in this Paper to consider successively the various effects of 
nicotin. It will be understood, that unless the contrary is stated, a 
result said to occur after nicotin, has also been found to occur after pituri. 


FROG. 


It will be convenient to give first (a) the previous observations on 
the general action of nicotin which, we can confirm, and then to give (b) an 
account of our own observations, mentioning the points which have been 
previously described only so far as is necessary for clearness. Since we 
deal with the action of nicotin upon the frog in considerable detail we 
append under (c) effects which have been described but which we have — 
not investigated. 

(a) v. Praag’ observed the following effects when one drop of nicotin 
was injected under the skin of the back or placed upon the tongue of a 
frog. The fore feet were drawn underneath the body. The hind feet 
were drawn up so that they were placed over the pelvis, and the toes were 
bent; this tetanic condition lasted a short time and then gave way to 
twitcbiinel in various parts of the body. The respirations soon stopped. 
The excitability of the skin and of the spinal cord disappeared, returned 


1 Compare in this and other cases the List of Papers on pp. 304—306. 
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for a short time and then finally ceased. The muscles became flaccid, 
and death ensued. 

Krocker describes the effects. as follows. When dy to x drop of 
nicotin is injected under the skin of a frog, the animal makes a few 
energetic jumps, but in a few seconds is seized with strong clonic spasms. 
As previously described by Rosenthal (13)' (cp. also v. Praag, supra) the 
thighs are placed at right angles to the axis of the body, the lower legs 
are completely flexed and placed so that the bases of the feet touch one — 
another over the pelvis. If in this stage, one of the hind legs is drawn 
out, it is sharply flexed again as soon as it is freed. The head is bent 
downwards, the nictitating membrane does not react to any stimulus. 
In this stage the frog is motionless and only on the application of very 
strong stimuli makes movements of escape. Soon it does not turn over 
when placed upon its back. Then follow complete relaxation of the 
muscles, and, as found by Rosenthal, complete paralysis of the motor 
nerve-endings. Rosenthal observed that after — paralysis the 
_ frog might slowly recover. 

v. Anrep (29)' has added considerably to the previous accounts. 
When nicotin is given to a frog, the fore legs become cataleptic; the 
duration of the catalepsy depends more upon the frog than upon the 
dose of nicotin, and is independent of the central nervous system for it 
occurs unaltered after destruction of the brain, spinal cord, and medulla. 
The direct irritability of the cataleptic muscles of the frog is not abolished, 
but is very much less than that of the other muscles of the body. The 
paralysis of the motor nerve-endings is preceded by a stage in which 
no reflex action can be obtained; this is shown by an absence of move- 
ment on stimulating the central end of the sciatic occurring some time 
before an absence of movement on stimulating the peripheral end of the 
sciatic. The clonic spasms are of central origin, they are due in the 
main to a stimulation of the spinal cord, for they occur in an apparently 
normal manner after the spinal cord has been severed from the medulla. 

Rosenthal had attributed the muscular twitchings which take place 
after injection of nicotin to a stimulation of the peripheral ends of the 
motor nerves. v. Anrep found that the muscular twitchings have a 
double origin; the more obvious oues which are visible through the skin 
are due to a stimulation of the central nervous system, since they do not 
occur in a limb after section of the motor nerves to it; the very much 


1 A number thus placed after the name of an Author indicates to which of his Papers 
quoted on pp. 304—306 reference is made. 


ty 
ay 
t 
x 
4 
a 
& 
a 
q 
4 
4 
AR 


270 J. N. LANGLEY AND W. LEE DICKINSON. 


weaker fibrillar contractions seen when the muscles are laid bare are 
alone of peripheral origin. 

v. Anrep also compares the effects of a large and of a small dose of 
nicotin. With a large dose, the clonic spasms come on almost immedi- 
ately. If the dose is very small, e.g. yy to zy of a drop, the earlier 
effects are much the same as with a moderate dose, but develop slowly. 
The respiration is at first quickened, then becomes slow, and the respi- 
ratory movements are apparently made with difficulty. In half an hour 
to an hour, the frog has recovered except for some feebleness in its 
movements. In 3 to 6 hours, it is as far as can be seen, in a normal 
state. 

Rosenthal observed that for some days after a frog had recovered 
from a dose of nicotin, a second similar dose did not cause clonic spasms 
or twitchings. This action of nicotin has been studied in some detail 
by v. Anrep. 

(b) General effects of a small dose of nicotin. As there is no 


appreciable difference in the effect of pituri and nicotin on an uninjured 


frog and on one from which the cerebrum has been previously removed ; 
some of our experiments have been made — frogs after removal of 
the cerebrum. 7 
When yy to 3 mgs. of pituri or nicotin are injected under the skin of 
a frog, it jumps nearly continuously for ten seconds to half a minute, 
the leaps then become weaker and cease in about a minute; the head is 
bent down, but does not touch the ground; the fore limbs, slightly flexed, 
nearly meet by their extremities in the middle line underneath the body, 
the muscles of the fore limbs and the sternal muscles are in a state of, 
generally slight, tonic rigidity. The animal is for a time after the 
assumption of this position still able to move the fore limbs, and move- 
ments may be caused by pinching the skin. 

Rosenthal and Krocker describe the ‘fore limbs as being some- 
times directed backwards alongside the body, we have not observed 
this with a small dose; with a larger dose it occasionally occurs; it 
may be due either to rigidity supervening at the end of a jump, or to a 
kick of the hind legs forcing forward the half-paralysed anterior part of 
the body so that the fore legs drag on either side. | 

The hind legs are flexed and assume, though often imperfectly, the 
position described by v. Praag, Rosenthal and Krocker. The hind 
legs though flexed do not pass into tonic rigidity as the fore legs do; 
the webs are generally extended; but this is more marked with a 
stronger dose of pituri or nicotin. 
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For a short time after assuming the attitude just mentioned, there 
are clonic spasms and twitchings of the muscles or bundles of fibres of 
the muscles; the muscular twitchings are most obvious in the sternal 
and throat regions, they are marked in the thigh muscles, and very 
slight in the gastrocnemius. According to v. Anrep the muscular 
twitchings chiefly occur in the hind limbs. 

If the frog be turned suddenly on its back it will recover its position; 
if slowly, it will remain on its back; the fore limbs can then be seen to 
be in a slight cataleptic state, if gently moved into any position they 
stay nearly as they are placed though often slowly returning part of the 
way to their old position; on pinching the skin, the frog at once regains 
the sitting posture. 

If the frog be held up by the fore limbs, it at first tries to free itself ; 
the struggles soon cease, the hind legs are drawn up and slowly fall, 
this is repeated once or twice, then the legs are allowed to hang down 
nearly to their full length, the webs remain somewhat extended ; 
pinching the skin causes at once a further effort to be made. 

The lymph hearts stop very soon after the injection; the respiration 
a little later; the different respiratory movements do not however all 
stop at the same time (cp. below p. 274). During the period in which 
the frog sits with its hind legs drawn up, there is a great decrease in 
reflexes; the reflex closure of the eye on touching the cornea goes 
first; then follow in order a decrease of reflex movement as the result 
of pinching or stimulating electrically the skin of the head, of the fore 
legs, of the body, and lastly of the hind legs. Whilst the decrease in 
reflex power is proceeding, there is usually a stage when stimulation 
of the skin of the anterior part of the body, although causing no 
movement in the anterior part of the body, causes a more or less 
vigorous movement of the hind limbs. - Occasionally touching the 
cornea has no other effect than a feeble movement of the hind legs. 
_ And later when the hind legs remain outstretched, if they have been 
slowly extended, pinching the skin of the fore legs may have no other 
appreciable effect than flexion of the legs. Later still all reflex from the 
anterior part of the body ceases, but the hind legs are quickly moved on 
pinching the toes. The reflexes brought about by applying 5 p.c. acetic 
acid to the skin decrease much more rapidly than those caused by 
pinching the skin. 

In time, the hind legs, on being pulled into a position of extension, 
are no longer promptly drawn up again, when they are set free; the 
degree of diminution of reflex at which the hind limbs become flaccid 


Z 
ty 
ag 
q 
a 
a. 
= 
4 
og 
‘ 


272 J. N. LANGLEY AND W. LEE DICKINSON. 


varies in different frogs; in some the hind legs are kept flexed at a time 


when pinching the toes causes a slight movement only; as a rule, how- 
ever, the extended leg is moved with fair promptness on such stimulation. 

The frog, now, with flaccid hind limbs, has still the fore limbs and 
sternal muscles in tonic rigidity, the fore limbs as before being drawn 
across the sternum, and being more or less in a state of catalepsy. If 
it be turned quickly upon its back, it makes a feeble ineffectual effect: 


to turn over, if thrown into water there are feeble movements of the 


hind legs. 

Later, all reflexes disappear, even strong stimulation of the central 
end of the sciatic has no effect; the fore limbs and sternal muscles 
slowly become flaccid, but the time at which this occurs varies greatly. 

Later still, stimulation of the peripheral end of a motor nerve, e.g. 
the sciatic has no effect ; direct stimulation of the muscles causes ready 
contraction, the heart is still beating strongly, and an active blood 
circulation can be seen to be going on in the web of the foot or in the 
tongue; the small arteries being perhaps a little more dilated than 
normal. If the frog be put aside in a moist place, it slowly recovers, 
on the next day it is normal except that it is — sluggish and its 
movements are somewhat enfeebled. 

The successive stages of nicotin poisoning are oie briefly as follows : 

1. Stage of excitation; the frog jumps nearly continuously; the 
lymph hearts stop at the end of —_ or at the beginning of 
the next stage. 

2. Stage of spasms; the frog does not attempt to jump, the fore 
legs are more or less in a state of tonic rigidity and of 
catalepsy ; the hind legs are in strong flexion ; the abdominal 
respiratory movements are rare or absent, respiratory move- 
ments of throat continue. From this stage to stage 5 there 
is probably an increasing condition of anesthesia. 

3. Stage of quiescence; there are no further spasms although there 
are occasionally slight muscular twitchings; the hind legs 
are still flexed, but the flexion is becoming weaker ; all respi- 
ratory movements gradually cease : there is a diminution of 

reflex action, chiefly from the anterior part of the body. 

, Stage of flaccidity; the hind legs are no longer drawn up, 
feeble reflexes may still be siseonen but chiefly from the 
hind limbs. 

5. Stage of paralysis of the central nervous system; no reflex can 

be obtained. 
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6. Stage of paralysis of motor nerve-endings ; the muscles are still 

irritable and the heart still beating. 

There is often in stage 2 a brief period of very great diminution of 
reflex power, the reflex power then partially returns, and later disap- 
pears in the gradual manner already described. 

The tonic rigidity in the muscles of the fore limbs as a rule persists 
for a time after the motor nerve-endings are paralysed. In confirmation 
of v. Anrep, we find that section of the brachial nerve does not prevent 
nicotin from causing tonic rigidity of the fore limbs. 

With a larger dose of nicotin, all the muscles of the body appear to 
be contracted for a brief period at the beginning of the stage of clonic 
spasms. 

In the experiments, the results of which are given above, the alkaloid 
was injected into the dorsal lymph sac; when it is injected under the 
skin of the hind leg, the effects are much the same so far as regards the 
relative effects on the fore and hind limbs, but the hind leg on the side 
on which the injection is made is paralysed before the opposite hind 
leg. | 

As was to be expected, 1 p.c. pituri or nicotin applied to the skin or 
placed in the mouth, rapidly causes symptoms of poisoning; placed in 
the mouth, it causes a slight flushing of the mucous membrane which 
soon passes off. — | 

Very small dose of pituri or nicotin. With 0:2 to 0°3 mg. of nicotin 
the frog jumps for about half a minute. There is considerable twitching 
of the abdominal and sternal muscles; the fore legs do not become 
rigid, but the animal leaves them, after a movement, in various 
abnormal positions. The abdominal respiratory movements are not 
entirely stopped, but they are infrequent, the nostrils do not move 
with either the throat or abdominal respiratory movements, but the 
eyes are forced upwards. The throat becomes puffed out, and occasion- 
ally the mouth is opened, as occurs with a frog in dyspnoea, then the — 
nostrils are opened also. The lymph hearts often stop beating. A 
strong sign of the disturbance of sensation in the fore limbs is that the 
frog in jumping voluntarily, simply kicks its hind legs into the air, the 
fore legs not joining in the movement, nevertheless if the skin be 
pinched, a normal leap may be obtained. In about half an hour the 
nostrils move with the throat, and in an hour the animal has apparently 
recovered except that its movements are a little weak. 

The above are the general features of nicotin poisoning in the frog; _— 
in particular cases we have observed some variation from the usual 
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course of events which we do not think it worth while to recount ; 
there are however one or two effects of nicotin which deserve further 
notice. 
The respiratory movements of the frog become at first quicker and 
then slower on injection of nicotin; the movement of the nostrils stops 
first, the abdominal movements then become infrequent and soon stop, 
whilst the throat movements continue, next the throat movements 
become irregular, at first they are vigorous, later they are weak ; finally, 
but in no long time, the throat movements also stop. When the frog, 
placed on its back does not turn over voluntarily, the sterno-cutaneous 
muscles readily contract, if the skin covering them is gently stroked, 
they may also contract without any other muscular movement when 
the skin elsewhere in the body is brushed ; generally speaking a mode- 
rately ‘strong stimulus wherever applied causes a throat-breathing 
movement. 
~The pupil. Nicotin causes a dilation of the pupil, but not to its 
full extent. It is true that there is a slight contraction of the pupil 
to be seen just after the more violent muscular movement caused by 
the poison, but as a similar constriction can be observed in normal frogs 
after a struggle, this effect is probably not due to a direct action of 

nicotin. The pupils contract, although slowly, to bright light for a 

considerable time after the corneal reflex has disappeared. 

Lymph hearts. We have already mentioned the remarkably early 
cessation of beats in the lymph hearts. If a drop of 1 p.c. nicotin be 
allowed to fall upon one exposed lymph heart it stops instantaneously, 

the other continuing to beat. 3 

Direct application of nicotin to muscle. 1 p.c. nicotin applied 
directly to a muscle causes an increase in tone—a slight contracture— 
of the muscle ; it causes also some fibrillar twitchings, these are more 

marked in the thigh muscles than in the gastrocnemius. A 1 p.. 

solution of nicotin neutralised with sulphuric acid has the same 

effect. | 
Direct application of nicotin to a nerve. The irritability of both 

afferent and efferent fibres, is reduced by the free application of 1 p.c. 

nicotin to a nerve; if the nerve is allowed to soak for a minute or two 

in 1 p.c. nicotin, its irritability is destroyed. The injurious effect is in - 
part due to the alkalinity of the nicotin, for neutralized 1 p.c. nicotin 

has a very much less hurtful action (cp, Langley and Dickinson (31)). 

Peripheral endings of sensory nerves. Nicotin 1 p.c. applied to a 
portion of the skin, rapidly lowers and may destroy reflex irritability 


| 
| 
q 
| 
| 
| | 
; 


PITURI AND NICOTIN. 275 


‘in this region; unless the quantity of the solution used be small, the 
usual poisoning effects, up to complete paralysis, occur. The nasal 
reflex described by Mays’ ceases shortly after the application of 1 p.c. 
nicotin to the nostril; by careful application of the nicotin the reflex 
of one nostril may be done away with, without any other appreciable 
effect occurring—except a preliminary attempt on the part of the frog 
to rub off the nicotin. We have not, however, observed a similar local 
- action on using 1 p.c. nicotin tartrate. 

It is possible that the above mentioned local effect of nicotin is 
due to an action upon the peripheral nerve fibres and not to an action 
upon the peripheral nerve endings. 

Effect of nicotin a day or two after a previous dose. In the 
behaviour of a frog, which has recovered from nicotin poisoning, to a 
second dose of nicotin we have noticed one or two points of detail in 
addition to those mentioned by v. Anrep. 

In the recovery from nicotin poisoning, the complete use of the fore 
legs is generally less soon recovered than that of the hind legs; at a 
time when very little difference from normal can be observed in the 
hind legs, the fore legs may be spread out sideways, so that the sternum 
touches the ground. In such a frog, or in a frog after complete recovery, 
_ a small dose of nicotin may cause the animal to crawl—instead of as 
normally to jump—for something less than half a minute. The paralysis 
of respiration proceeds more in the fashion normally produced by a 
smaller dose of nicotin, i.e. the animal at intervals opens its mouth 
widely in its respiratory efforts. The cataleptic condition of the fore 
legs still occurs, but less strongly and of shorter duration than normally. 
The diminution of reflex on pinching the skin of the fore legs progresses 
much more slowly than with the first dose. Lastly, though there are 
no clonic spasms, there are muscular twitchings; the hind legs are 
flexed and the webs are commonly extended. | 

Nicotin after atropin. When a few drops of 1 p.c. atropin are given 
to a frog, it at first crawls or jumps, it soon becomes still; the reflexes 
from all parts of the body are good, but the resulting movements are 

weaker than normal. If about a drop of 1 p.c. nicotin is injected an 
hour or so after the atropin, the effects are modified in much the same 
manner as they are by nicotin given a day previously. There are few 
or no clonic spasms’, the muscular twitchings are diminished or absent, 


1 Mays. This Journal, Vol. vu. p. 458. 1886, 
2 The absence of clonic spasms has been observed by v. Anrep (30, p. 221) when 
nicotin is given after caffein, cocain, and physostigmin. 
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reflexes on pinching the skin are much more slowly effected, and more 
equally in all parts of the body. The catalepsy and rigidity of the fore 
limbs is less and lasts but a short time. 

Nicotin after chloroform. The effects of nicotin are very slightly 
modified by a slight state of anzsthesia from chloroform ; in a deeper 
state of anesthesia, the muscular symptoms are less marked. The best 
method of giving chloroform to a frog is to place it in water to which 
some chloroform has been added in such amount that it takes an hour 
to an hour and a half before the frog is completely flaccid. 

(c) According to v. Anrep (29) J, of a drop of nicotin given toa 
frog causes almost without exception death ; J; to 4; drop causes paralysis 
for 12 to 20 hours; 4, to 7, of a drop causes paralysis for 20 to 40 
hours. The recovery of a frog from nicotin poisoning begins with 
respiration, this is made at first with difficulty, the mouth being opened 
from time to time; then feeble muscular movements are made, and 
the power of responding to skin stimulation gradually increases. 

Occasionally (v. Praag, v. Anrep), or in feeble frogs (Krocker), 
nicotin causes extension of the hind legs instead of flexion; in rare 
cases the extension like the flexion may be tetanic, rather than clonic. 

v. Anrep found that when a frog has recovered from a dose of 4;—,'5 
drop of nicotin, a second similar dose is more likely to be fatal, this is 
due chiefly, if not entirely, to the second dose having a greater weak- 
ening effect upon the heart. Thus a dose of J, drop of nicotin causes 
the heart to stop for 15 to 25 secs, when the beats begin again, they 
are at first rather faster, and then rather slower than originally, but 
very soon they recover the normal rate. The same dose given to a frog 
after it has recovered from a previous similar one causes as before 
primary cessation of the heart beat, when the beats begin again they 
are for a short time nearly normal in rate; after this, and for about two 
hours, they become slower; they remain slow and feeble for several 
hours, and then gradually return to normal. If the second dose is 
7s drop, there is often no recovery from the stage of enfeeblement of 
heart beat; the beats gradually die out. | 

v. Anrep observed the diminution in reflex action after nicotin, 
by observing at short intervals the minimal stimulus capable of 
producing a contraction when applied respectively to the central 
and peripheral end of the sciatic. He found that a decrease in 
irritability occurred sooner and was greater in the central than the 
peripheral end, and that in the central end the recovery was slower. 
After the frog had recovered, a second similar dose had the same effect 
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as the first dose. He found that +, of a drop ae ds the sensory but 
not the motor fibres. 

' vy. Anrep also found that although the second dose of nicotin does 
not produce spasms, a dose of nicotin has no effect on the result of | 
injecting strichnin or picrotoxin. In frogs which had recovered from 
nicotin poisoning, a minimal dose of strichnin produced an increase in 
reflex power and a tetanus in the normal time; and similarly the 
picrotoxin tetanus occurred in the same time as if nicotin had not been 
previously given. The paralysing action of nicotin on the spinal cord— 
observed by stimulating the lower cut end of the cord below the 
medulla—was the same with a second dose after recovery from the 
first, as with the first dose. For the effect of a very large dose of 
nicotin cp. v. Anrep (30, p. 224). 


The heart. 


The main facts with regard to the action of nicotin upon the heart 
are well known. A small dose causes primary slowing of the heart beat, 
and it may cause a diastole lasting up to a minute; on recovery of the 
heart beat the inhibitory fibres of the vagus are paralysed (Rosenthal); 
except with a small dose, the primary inhibitory effect is slight and 
with a large dose is absent (Krocker). After a small dose as ‘25 mg., 
stimulation of the vagus causes acceleration of the heart beat instead of 
inhibition, but inhibition can still be obtained by stimulating the sinus 
or auricles (Mayer, Truhart). The heart beat continues after very 
large doses of nicotin. 


Although 4 to + mg. of nicotin injected into the dorsal lymph sac 
of a frog will paralyse the inhibitory fibres of the vagus, and 1 to 2 
mgs, will paralyse the motor nerves for many hours; yet after injection 
of 50 mgs. of nicotin, acceleration of the heart can still be obtained by 
stimulating the upper part of the sympathetic chain, and inhibition of 
the heart can still be obtained by stimulating the junction of the sinus 
and auricles. Of course, after this dose, the stimulation must not be too 
long delayed, or the heart may have ceased beating. 

We have shown elsewhere that in a number of cases, nicotin 
paralyses nerve cells and leaves unaffected or nearly so, the peripheral 
endings of nerve fibres, And we explain the action of nicotin on the heart 
on the same lines in the following manner. The nerve cells in the 
heart are on the course of the inhibitory fibres of the vagus, 
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nicotin paralyses the action of these nerve cells; if the amount 
of nicotin is small, the nerve cells are for a brief period stimulated. 
The inhibitory effect of stimulating the junction of: the 
sinus and auricles, obtained at a time when the trunk of 
the vagus is ineffective, is due to a stimulation of the nerve 
fibres which issue from the ganglion cells, The sympathetic 
nerve is not connected with nerve cells in the heart, and 
hence nicotin does not prevent the accelerating effect of stimulating 
the sympathetic. According to Gaskell the accelerator fibres of 


the sympathetic pass from the cords in the rami communicantes 


of the third nerve. It is difficult to determine exactly where the 
accelerator fibres are connected with nerve cells, since the ganglia of 
the sympathetic chain are so close together, and the uppermost gan- 
glion is not far removed from the ganglion of the vagus. Our experi- 
ments lead us to think that the accelerator fibres end not in the 
ganglion of the vagus, but in one or other of the ganglia of the 
sympathetic chain. If these conclusions are correct, it follows that 
there is no excito-motor mechanism of nerve cells in the 
heart, and hence—in accordance with the views of many observers— 
the beat of the heart does not depend upon a local automatic nerve | 
centre. It will be noticed that the bipolar nerve cells of the heart 
with spiral fibres behave to nicotin like the multipolar nerve cells of 
the sympathetic ganglia of mammals. 

Although even 50 mgs. of nicotin injected into the dorsal sac of 
a frog do not prevent stimulation of the sino-auricular line from 
stopping the heart, the effect is not produced with the same ease as 
normally. The standstill may be very brief, or only be present when 
the stimulation has ceased. 

When 1 p.c. nicotin is applied directly to the heart, the condition 
just spoken of is quickly produced, and by this method we think the 
inhibitory effect can be completely abolished ; and, though less quickly, | 
the accelerating effect of stimulating the sympathetic. It is not 
unlikely that the absence of effect on stimulation, is in this case 
due to a direct action of the alkaloid upon the nerve fibres of the 
heart and not to a paralysis of the nerve-endings in the muscular | 
tissue. As we have seen, copious application of 1 p.c. nicotin to the 
sciatic, destroys its irritability. The fact that the inhibitory action 
brought about by stimulating the sinus, disappears before the aug- 
mentor action brought about by stimulating the sympathetic may be 
simply due to the exciting action of the electric shocks on the muscular 
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tissue overcoming the inhibitory action of the stimulated nerve fibres 
when the latter becomes weak. 

As observed by Truhart, after a small dose of nicotin, inhibition on 
stimulation of the sino-auricular line is more easily produced than in 
the normal state. During the protracted standstill thus caused, a 
touch on the ventricle usually causes a single reversed beat, i.e. in the 
order, ventricle, auricle, sinus. 

After a drop of 1 p.c. nicotin has been aiteired to fall upon a frog’s 
heart, we have not observed a primary slowing to be caused by 
subsequent applications. Apparently the paralysed nerve cells only 
slowly recover. Not infrequently the second, third, and it may be 
later applications of nicotin to the heart cause for 10 to 15 seconds a 
quickening of the heart beat, during this quickening the beats may 
become stronger or weaker; in the former case, the tracing obtained 
may be like that obtained on brief stimulation of the sympathetic. 
After one or two applications, the beat of the heart is for a considerable 
time reduced in rate. The direct application of 1 p.c. nicotin to the 
heart causes some tonic contraction of the ventricle, lasting 10 to 30 
seconds; this is probably due to the alkaline reaction of the nicotin, for 
we have not seen a tonic contraction when neutralised nicotin or 
nicotin tartrate was used. 

According to Boehm, the standstill of the heart caused by muscarin 
is not removed by nicotin. Ringer and Murrell state that a heart 
stopped by muscarin begins to beat again on applying pituri. We 
have given a good deal of attention to this matter, since it seemed to 
afford a method of distinguishing pituri from nicotin. We have not 
however found any difference in their action. If the heart be stopped 
by not too small an amount of muscarin, neither pituri nor nicotin 
causes it to beat again. If, however, the heart be stopped by an 
amount of muscarin, very little more than sufficient to cause complete 
diastole, then either pituri or nicotin causes a certain restoration of the 
heart beat, although very much less than that produced by atropin. 
We are inclined to attribute the effect of nicotin, such as it has, to its 
alkalinity, for neutralized nicotin (or pituri) and nicotin tartrate have 
little, if any, effect, beyond that produced by washing away _ 
muscarin with a solution of sodium chloride. 3 

If the conclusion, we arrived at above, is correct, viz., that nicotin 
acts on the nerve cells, and not on the nerve-endings in the heart, the 
facts that muscarin will stop the heart after nicotin, and that atropin 
will put an end to the muscarin standstill, give ‘firmer ground for the 
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view that muscarin and atropin exert their effect on the heart, so far as 
the effect is nervous, by acting on the nerve-endings in the muscle. 


MAMMALS. 
SKELETAL MUSCLES. 


The effects of nicotin upon the body movements are well known 
from the observations of Bernard, v. Praag, Krocker, Truhart, and 
other observers. It causes a preliminary excitement, clonic spasms, 
and twitchings of the muscles in various parts of the body, and may 
cause convulsions and opisthotonos. A general twitching of the muscles 
over the whole body is rare, the muscles of the hind leg are most 
frequently affected, but there is considerable difference, and for no 
apparent reason, in different animals. In the cat, nicotin causes a 
certain rigidity of the fore limbs (v. Anrep) and even in very small 
dose, twitchings of the ears (Truhart). 

Similar results were obtained by Bancroft, Ringer and Murrell 

with pituri (cp. p. 266). 
_ Our experiments have been made upon anesthetized animals; in 
these as was to be expected the action on the muscular system is less 
marked, but all the above mentioned effects may at times be seen. 
The two chief causes which influence the degree of muscular movement 
obtained are the degree of anzsthesia and the amount of the dose of 
pituri or nicotin. Up to a certain rather small amount, the effects 
increase with the dose; but in deep anesthesia from chloroform and 
ether, there may be very slight spasms and twitchings even with a dose 
which otherwise would produce the maximal effect. Morphia diminishes 
the muscular symptoms to a much less extent than does chloroform. 

A corresponding degree of anesthesia diminishes the muscular 
symptoms much more in the rabbit than it does in the cat or dog, 
thus in the rabbit when the corneal reflex no longer occurs, 2 to 10 
milligrams of pituri or nicotin may produce no obvious effect on the 
muscular system except a modification of respiration. 

There is apparently for a time a slight increase of excitability i in the 
central nervous system, for after a small dose of pituri as 1 to 2 
mg., when the muscular twitchings of a limb have stopped or are 
slight, they may sometimes be brought on again by gently pinching the 
skin of the limb; and on stimulating the uncut sciatic with an inter- 
rupted current, violent twitchings, continued after the cessation of the 
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stimulus, may be set up in both hind legs and especially in the leg on 
the side stimulated. Occasionally when the twitchings are going on in 
a limb, they may be stopped for a time by grasping it firmly. 

Now and then with a small dose, rhythmic movements are produced, 
more often in the hind than in the fore limbs; thus the hind legs may 
be moved alternately (cp. Exp. IV.). 

After section of the nerves which run to any part of the body, we 
have not seen either a movement or twitching take place in this part 
on injecting nicotin; and so far as our experiments go, the tonic 
rigidity in the fore limbs usually seen in a cat and to a less extent in 
the rabbit after injecting nicotin does not occur after section of the 
brachial nerve. Thus the effect of nicotin on the skeletal muscles in 
mammals appears to be eftirely due to a stimulation of the central 
nervous system. It will be remembered that in the frog nicotin has 
a slight peripheral action and thereby causes a faint fibrillar twitching 
of the muscles, 

Pituri like nicotin, when given in sufficient dose, paralyses the 
motor nerve-endings in skeletal muscle ; a little before the paralysis 
is complete, a tetanic stimulation of the nerve causes a single twitch of 
the muscle. The momentary contraction is produced with a weak 
tetanizing current, but with no strength of current can a lasting 
contraction be produced. A very short rest is sufficient to allow the 
current to produce the momentary contraction, and then by just 
touching the neive with the electrodes at short intervals, a number 
of contractions may be obtained in a minute, whereas if the electrodes 
are kept on the nerve the whole time, a single twitch only is obtained. 
This is perhaps best observed with the phrenic nerve and the diaphragm. 
The muscle directly stimulated gives of course a prolonged tetanus. 
In the cat the motor nerve-endings are paralysed by 10 to 15 mgs. 
of nicotin; rather more is required in the rabbit, and considerably more 
in the dog. The paralysis is not usually of long duration. 

In narcotized, and probably also in non-narcotized animals, when a 
small dose of nicotin produces spasms or twitching of the muscles, these 
are not the first effects, they are preceded by a rise of blood pressure, 
a slowing of the heart beat, and a deepening of the respiration. 

Reflex movements, We have seen that in the frog in a certain 
stage of nicotin poisoning, no movement can be obtained by stimulating 
the central end of a sensory nerve, although muscular contractions can 
readily be obtained by stimulating the peripheral end of a motor nerve. 
In the mammal we do not find any great difference between the time 
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of disappearance of the reflex contraction, and the contraction produced 
by stimulating the motor nerve. Asa rule as long as stimulation of the 
uncut sciatic causes contraction in the leg on the side stimulated it 
causes also reflex movements. 


RESPIRATION. 


It is known that nicotin causes a quickening and deepening of 
respiration, followed by slowing and cessation (cp. v. Praag and 
Rosenthal). As shown by Bancroft, and by Ringer and Murrell, 
pituri has a similar action. 

Most of our experiments on respiration have been made with pituri. 
In animals under anesthetics a small dose of pituri, as , mg., causes 
slowing and deepening of the respiration (cp. Exp. IV.), with a slight 
increase of the dose the slowing is followed by a quickening above the 
original rate; with a dose of 1 to 2 mg. there may still be for a few 
seconds a slower rate of breathing. The quickening which results 
from this and larger doses often attains its maximum after the — 
has begun to decrease. | 

The section of the vagi in one or two experiments we have made 
on the point has lessened the quickening effect of pituri upon the 
respiration, but the respirations became much deeper. When a single 
dose stops the respiration, the cessation, or the slackening in rate 
immediately preceding the cessation, is generally abrupt (cp. Exp. I.) ; 
but when several doses are given each of them insufficient by itself, the 


respiration gradually dies out. 


In the rabbit the effect of anesthesia is more foul than in the 
cat and dog; in light anzsthesia 2 or even ‘1 mg. of pituri may 
cause a slight alteration in the breathing, but in profound anssthesia 
several mgs. may be given and produce a very slight effect. With 
a larger dose e.g. 16 mg. the breathing may stop straightway. When 
pituri or nicotin causes convulsions in the rabbit, the muscles of the 
chest are usually involved, so that, as noticed by Rosenthal, there is 
strong inspiratory tetanus. 

We have found very considerable variation in the amount of pituri 
or nicotin required to stop the respiration. In a cat, as little as 1 mg. 
may produce this result. 
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EXPERIMENT I. 

Cat (p. 187). Effect of a small dose of pituri upon the respiration. 

Chloroform. Respiration 16 in 30 secs. : 

Inject into crural vein 1 mg. pituri. 

Respirations rapidly increase in depth, attaining their maximum in about 
7 secs. from the time when breathing is first affected. The respirations are 
a trifle slower for about 8 secs., then they become 22 in 30 secs.; their depth 
gradually decreases, their rate gradually increases ; in 3 minutes the respira- 
tions have reached their previous depth, but are fast (36 in 30 secs.). In 
4} minutes the breathing suddenly becomes slower, and after five respirations 
stops. The blood pressure was above the original level for 34 minutes. 
After artificial respiration had been carried on for a few minutes, natural 
respiration began again. Las 

In other cases, respiration has continued after 5 to 7 mgs., but 
as a rule in the cat after 5 to 7 mgs. of nicotin or pituri, artificial 
respiration has been necessary for 5 to 10 minutes. In the rabbit, 
there are also considerable variations in the amount of nicotin required 
to stop the breathing, but in most cases, a rather larger dose is required 
than in the cat. In a dog of 8 kilograms weight, 15 to 20 mgs. of 
-nicotin may generally be injected before breathing stops. When 
respiration is stopped by a small dose of nicotin, it commences 
again after a few minutes’ artificial respiration. By giving a number 
of doses at short intervals, a considerable amount of nicotin can be 
given in a comparatively short time without stopping respiration, thus 
the breathing may still continue in a dog, after 40 to 50 mgs. of nicotin 
have been injected in several doses during half an hour. 

When artificial respiration is kept up in an animal in which 
respiration has ceased in consequence of a rather large dose of nicotin, 
feeble respiratory movements may often be seen on stopping the artificial 
respiration. These movements do not prevent the animal quickly dying 
of dyspnea. Apparently the respiratory centre is able to send out 
occasional feeble impulses long after it is able to carry on respiration. 


Tue 
_ Previous Observations. 

The injection of nicotin sub-cutaneously or into a vein. Orfila(1) in 
two dogs describes dilation of the pupil on injecting nicotin. Bernard 
in twelve experiments describes a dilation of the pupil as occurring 
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three times in dogs and once in a cat, in the other cases no mention of 
the pupil is made. Orfila (4) (in dogs), Stas (in one dog), and Albers 
also mention dilation as the result of nicotin. v. Praag gives an 
account of seven experiments on dogs, in five there was dilation of the 
pupil, in one dilation followed by constriction, in the other cases nothing 
is said about the pupils; he also gives one experiment on a cat, here too 
dilation was produced. Hirschmann in rabbits found constriction of 


_ the pupil to follow injection of nicotin, so also Rogow. Rogow in cats 


observed in one case dilation, in another (under curari) no change. 
Truhart in eighteen experiments on cats noted constriction twice only. 

The local application of nicotin to the eye. v. Praag’, Reil, Braun, 
Hirschmann, Rogow and Krocker all found more or less considerable 


constriction of the pupil on applying nicotin to the eye of rabbits. 


Rogow in cats found once no change, once dilation of the pupil, once 
dilation followed by constriction. Griinhagen’® states that in cats, the 
local application of nicotin to the eye, whether curari or morphia has 
been previously given, often produces no contraction. 

Effect of nicotin after atropin, and of atropin after nicotin. Hirsch- 
mann in rabbits found that when atropin was applied to the eye after 
nicotin, it caused the pupil to enlarge to a medium size for the time 
during which the nicotin constriction usually lasts; and that nicotin 
applied after atropin caused the pupil to constrict for the time during 
which nicotin constriction ordinarily lasts. Griinhagen (12) found 
great constriction in the eye of the rabbit on applying nicotin after 
atropin. Rogow observed constriction in the atropinised eye of a rabbit 
on injecting nicotin sub-cutaneously, but the constriction was less than 
that produced by local application. Krocker found moderate constric- 
tion on applying nicotin after atropin. Truhart in cats noticed in no 
instance constriction of the pupil on injecting nicotin into a vein, after 
an injection of atropin. | 

Nicotin applied to the eye after death. Nicotin causes constriction in 
a freshly extirpated rabbit's eye (Griinhagen) (14), but less than normally 
(Rogow, Krocker), and still less if atropin has been previously given 
(Rogow). Rogow in two cats which had already received nicotin, 
observed no change in the pupils on local application of nicotin after 


1 v, Praag does not make any distinction between the effect of the local application of 
nicotin and the effect of injection, but he gives an account of an experiment upon a rabbit, 
in which nicotin applied to the right eye caused constriction in both pupils, though most 
on the right side. | 

2 In a note (p. 22) to Rogow’s paper. 
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death, and in one rabbit which had previously received atropin, nicotin 
applied to the eyes 15 minutes after death caused constriction followed 
by dilation. 


Effect of nicotin on the cervical After injection of 
nicotin, stimulation of the cervical sympathetic produces no effect on the 
pupil, but stimulation of the eye itself will still cause constriction 
(Hirschmann in rabbit) or a dilation (Rogow in cat). On applying 
nicotin locally to the eye, the usual.dilation on stimulating the cervical 
sympathetic is obtained until general poisoning symptoms show that 
nicotin has been absorbed into the system (Krocker). 


Further Observations. 

The paralysis of the cervical sympathetic brought about by nicotin 
has been generally supposed to be due to a paralysis of the dilator nerve- 
endings in the pupil, to this Hirschmann attributes the whole, and 
Krocker a part of the constriction which nicotin causes. Griinhagen 
however attributes the absence of effect of stimulating the cervical 
sympathetic after injection of nicotin to a powerful stimulation of the 
third nerve, so that the stimuli reaching the pupil by the sympathetic 
fibres are ineffective. The experiments given by us (31) in a previous. 
_ paper show that these views are incorrect; for nicotin paralyses the 
nerve cells of the superior cervical ganglion but leaves unaffected the 
peripheral nerve-endings. As we have not given an experiment to 
illustrate this action on the superior cervical ganglion, we give one here. 
It will be noticed that dilation of the pupil was obtained by stimulating 
the sympathetic peripherally of the superior cervical ganglion after 
nearly a gram and a half of nicotin had been injected into a vein. A 
Asth of this amount of nicotin and probably less than ,j,th prevents any 
reflex action from being obtained. A ;4,th or less of this amount paralyses 
the cervical sympathetic, i.e. paralyses the cells of the superior cervical 


ganglion. 


EXPERIMENT II. 


Rabbit (N. p. 80). Injection of 1450 mgs. of nicotin. The nerve fibres 
proceeding from the superior cervical ganglion are not paralysed. 


Chloral: chloroform and ether. Tie and cut on the left side the 
sympathetic nerve about an inch from the superior cervical ganglion, tie and 
cut also the glosso-pharyngeal, the vagus and the spinal accessory nerves. 

Stimulation of the central ends of the 1x. x. and XI. nerves causes reflex 
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movement, but no dilation of the pupil. (Whether a dilation of the pupil is 
or is not produced by stimulation of a sensory nerve depends chiefly upon 
the amount of anesthetic given.) To avoid all chance of reflex through these 
nerves their conductivity is destroyed by carefully and repeatedly pinching 
them with forceps at their point of exit from the skull. Stimulation of the 
sympathetic causes at once dilation. 


12.58. Inject 40 mg, of nicotin into crural vein. — 

Pupil becomes smaller, is now about 5 mm. in its longest dia- 
meter. Isolate the superior cervical ganglion, cut through the 
filaments running to the external carotid, isolate for } to } inch 
the filaments running to the internal carotid. (These filaments 
we shall speak of as the sympathetic beyond the ganglion.) 

1.4. Stimulation of the cervical sympathetic close to the ganglion has 
no effect on the pupil. 

Stimulation of the sympathetic immediately beyond the ganglion 
causes full dilation of the pupil. During the stimulation the 
ganglion with the sympathetic is held up away from the sur- 

_ rounding tissues and there is no indication of any escape of 
current. 
1.6. Inject 60 mg. of nicotin. 
Pupil becomes a little smaller ; stimulation of the ipcehte 
beyond the ganglion causes good dilation of the pupil. 
1.11. Inject 150 mg. of nicotin. 
Pupil becomes a little smaller; stimulation of the sympathetic 
beyond the ganglion causes a good though rather slow dilation 
of the pupil. Dilation of the pupil is a little less than that 
which can normally be obtained. 
1.154. Inject 200 mg. of nicotin. 
Pupils now are about 2mm. in diameter; stimulation of the 
: sympathetic beyond the ganglion causes dilation as before. 
1.264. Inject 300 mg. of nicotin. 
No further contraction of the pupils; stimulation of the sym- 
pathetic above the ganglion causes dilation as before. 
1.32. Inject 700 mg. of nicotin. 
Stimulation of the sympathetic beyond the superior cervical 
ganglion causes dilation as before. Heart beating strongly, 
carotid full and tense. 


It is curious that in face of the earlier experiments, in which almost 
without exception dilation of the pupil is said to follow injection of 
nicotin, the statement that nicotin causes constriction of the pupil 
should be so generally accepted. Krocker, who also points this out, 
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thinks that the older results were obtained because excessively large 
doses were used. But he does not attempt to show that there is any 
difference in the effect of a small and of a large dose, and moreover, 
although in the older experiments undiluted nicotin was generally, if 
not always, used, it is clear that large doses were not always given, for . 
in many cases the animal recovered. An examination of the cases 
shows that nearly always a dilation of the pupil is described as occurring 
in the cat and dog, and in all cases a constriction is described as 
occurring in the rabbit; but the total number of cases in which nicotin 
was given to a rabbit, otherwise than as a local application to the eye, is 
small. 

That nicotin injected into a vein should produce in different cases 
different effects upon the pupil is perhaps to be expected when we 
consider the various points on which nicotin is capable of acting. It 
may stimulate or paralyse nerve cells in the central nervous system 
connected with constrictor or dilator fibres. We have shown that on 
local application of nicotin to the superior cervical ganglion it first 
stimulates and then paralyses the ganglion. In all probability it first: 
stimulates and then paralyses the ciliary ganglion. And it is possible, 
though not we think very probable, that nicotin may have an action on 
the peripheral nerve-endings, and the muscular fibres of the iris. | 

Our experiments have been made upon the rabbit, cat and dog, in 
an anesthetized state. The nicotin has been injected into a vein. 
The results are affected by (a) the degree of anesthesia, (b) the amount 
of nicotin given; in the case of more than one injection the effect 
is modified by the previous doses. | 

Nicotin injected into a vein in dog and cat, In the dog and cat 
we have in no case observed primary contraction of the 
pupil with the first dose; there may be no effect, but if an effect 
- occurs it is dilation, the degree of dilation increasing up to a certain 
limit with the dose; the pupil often dilates gradually, taking five to 
ten seconds to reach its maximum, it stays a short time at the maxi- 
mal dilation, then slowly constricts; with a small dose it soon returns 
to a state depending on the degree of anesthesia, thus in a dog under 
morphia it gradually returns to the constricted condition present before 
- the nicotin was injected; in a cat under chloroform to the rather en- 
larged state normal in cats under chloroform. After a large dose the 
pupil having attained its maximal dilation constricts more or less 
slowly to rather more than half-full. After a sufficient amount of 
nicotin has been given, whether in one or in several doses, the pupil 
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remains for one to several hours in this state of moderate dilation. 
According to Krocker the pupil in cats poisoned by nicotin first 
dilates and then constricts; the apparent secondary constriction we 
find is as a rule simply the disappearance of primary dilation caused 
_ by nicotin; it is only when the pupil is very large before the injection 
of nicotin, that this secondary constriction makes the pupil smaller than 

it was originally. | 

On injecting nicotin into a vein of the rabbit, there is nearly always 
primary constriction. Within limits the larger the dose of nicotin the 
smaller the pupil becomes, but the effect of a small dose is greater the 
less the anesthesia. The maximal constriction in the rabbit, like the 
maximal dilation in the cat and dog, is with small and moderate doses 
of nicotin, kept up for one to two minutes only, but slight constriction 
is present for a considerable period. Occasionally but very rarely 
nicotin causes primary dilation of the pupil. 

Subsequent doses, if they produce any effect, usually have the same 
effect as that produced by the first dose, viz. constriction in. the rabbit 
and dilation in the cat and dog, but after a certain large amount of 
nicotin has been injected, subsequent injections produce no change in 
the pupil unless a considerable time be allowed to elapse between the 
injections, 

In a dog a small dose, such as 1 to 3mg., given at intervals of 
a quarter of an hour, may produce dilation many times in succession, the 
dilation in each case rapidly reaching a maximum and then gradually 
declining. When this dose fails to have an effect, a larger dose will still — 
cause dilation. Eventually no further change can be produced. 

Broadly speaking, the greater the anwsthesia, the greater the amount 
of nicotin which is required to produce an effect on the pupil; thus in a 
dog in a light anesthetic state j, mg. will cause dilation of the pupil, 
whilst in a deep anesthetic state 2 mgs. may fail to do so. In a rabbit 
in deep anesthesia, 10 mgs. of nicotin not infrequently fail to cause any 
change in the pupils, and this is occasionally the case with larger doses. 
As a rule, with a small dose, unless there are muscular movements, the 
pupil is unaffected. Probably then a small dose acts upon the pupil 
chiefly through the central nervous system. 

Section of the sympathetic in the neck has, so far as we have seen, no 
influence upon the effect of injecting nicotin either in rabbit, cat or dog. 

Exturpation of the superior cervical ganglion usually but not always 
delays the effect of injection, thus in a cat, the dilation usually begins five 
to ten seconds later on the side on which the ganglion is extirpated. 
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When section of the sympathetic, or removal of the superior cervical 

ganglion, causes a constriction of the pupil, so that it remains smaller 
than that on the opposite side, small doses of nicotin, though causing 
dilation or in the rabbit constriction, do not do away with the difference 
in the size of the two pupils; after large doses, the pupils become for a 
time equal. 
_ Reflew constriction of the pupil from light. Krocker states that 
direct application of nicotin to the eyé of a rabbit, although causing 
great constriction, does not abolish the reflex contraction of the pupil 
. on directing bright light into it, unless the quantity of nicotin is large 
enough to cause symptoms of general poisoning. 

We have not tried the experiment in this form, but have observed 
the effect of nicotin when injected into a vein. A moderate dose of 
nicotin abolishes the light reflex for a variable time in all three animals 
experimented on. To observe this, the animal must, of course, not be in 
a too deep stage of anesthesia. In the cat, 10 mgs. of nicotin will cause 
loss of light reflex for a short time ; in the dog 50 mgs. will abolish the 
light reflex for an hour or more. | 

The absence of the reflex might be due either to an action of the 
nicotin on the central nervous system, or to a peripheral action. Since 
a reflex closure of the eye can be obtained when the light reflex is 
absent both in cat and dog, and since in the dog a dilation of the pupil 
can be obtained by stimulating the sympathetic at a time when the 
light reflex is absent, we are inclined to attribute the effect to an action 
of the nicotin on the ciliary ganglion, but this point requires further 
working out. 

Effect of nicotin after atropin and of atropin after nicotin. Our 
experiments have been made both with local application, and with 
injection of the alkaloids. In general our results confirm those of 
previous observers, except that we find in the rabbit, whilst nicotin 
readily causes a constriction of the pupil after atropin, atropin does not 
readily cause a dilation after nicotin, so that with equal amounts of the 
two poisons the net effect is constriction of the pupil (cp. Exps. III. and 
VI). 

EXPERIMENT IIL 


Rabbit (C. p. 34). Pupil. Injection of atropin after a large dose 
of nicotin. 
Chloral : chluroform and ether. Tie and cut the left cervical iain 
1,59. . Inject 30 mg. nicotin into crural vein. 
Left ear flushes slightly for 5 seconds, then becomes very pale. 
Pupil contracts. 
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2.47. Inject 50 mg. nicotin. 
Ear gradually flushes, flush lasts about 30 seconds, then iste 
ally very pale. Pupil contracts slowly. 
2.50. Inject 30 mg. atropin sulphate ; no change in pupil. 
2.52. Inject 30 mg. atropin sulphate ; no change in pupil. 
3.3. Several drops | p.c. atropin in left eye; no change in pupil. 


Effect of pilocarpin after nicotin. In the cat and dog when 
pilocarpin is injected after nicotin the pupils contract, although as a 
rule not greatly. 

Effect of dyspnea after nicotin injection. A rather small amount of - 
nicotin completely abolishes in the cat and rabbit the usual dilating 
effect of dyspnea upon the pupils (cp. Exp. VI). We have not made 
experiments with regard to the minimal amount required to produce 
this condition. After larger doses of nicotin, artificial respiration being 
for a time maintained, there is no change in the pupils during or after 
death. In the rabbit, for example, after 50 mgs. nicotin the pupils 
remain contracted. Truhart however states that in cats, poisoned by 
nicotin, the pupils always dilated widely during death. 

Local application of nicotin to the eye. On injecting a little nicotin’, 
eg. 1 to 2 milligrams into the orbit of a rabbit by means of a 
Pravatz syringe, the pupil on that side contracts, the other remaining 
as before; the contraction slowly passes off. A further injection will 
cause a renewed contraction, although a little of the alkaloid is absorbed 
as shown by an increase of respiration. The effect so far is like that 
_ described by previous observers on applying nicotin to the conjunctiva. 
But with a certain increase in the amount injected, the pupil will 
sometimes dilate so that it becomes larger than before the first 
injection ; the sympathetic in the neck is in this stage paralysed. In the 
cat and dog, by local application of nicotin, we have seen dilation only ; 
in a short time, there is in consequence of the absorption of nicotin, a 
slight dilation of the opposite pupil also; we have not, however, made 
many experiments of this sort upon the cat or dog. 

General effect of nicotin upon the eye. v. Praag (op. cit. p. 84), 
observed in five out of seven experiments upon dogs, that a short though 
rather variable time after giving nicotin, the eyes were turned upwards 
and outwards so that very little of the cornea was visible, and that the 
nictitating membrane was drawn over the cornea and over a part of the 
sclerotic (cp. also Bancroft on Pituri, supra p. 266). In most cases 


1 In these and in all our other experiments upon mammals the animals were 
anzsthetized before nicotin was given. 
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this state lasted a short time only. In one dog two hours after nicotin 
had been given, the eyes were found tightly closed. 

The position of the eyes and of the nictitating membrane described 
by v. Praag in dogs is probably the result of a small dose of nicotin 
upon the un-anesthetized animal. In our experiments upon cats and 
dogs, these being made under the influence of anesthetics, we have not 
observed this effect of nicotin. We find that in all cases in which pituri 
or nicotin has any effect upon the eye, the effect is like that produced by 
stimulating the sympathetic, i.e. the nictitating membrane is withdrawn, 
the eye opens, and the optic axis is directed forwards. In the rabbit, 
however, there is usually a brief preliminary stage in which the eye 
is tightly closed, and the nictitating membrane drawn over the.eye, and 
this is followed by the same changes that take place in the cat and 
dog, except that in the rabbit the pupil contracts, and in the cat and 
dog it dilates. | 

The effect of injecting nicotin is the same whether the cervical 
sympathetic be cut or uncut, so that the opening of the eye and the 
other changes are not due to impulses travelling down the sympathetic 
from the central nervous system. 

When the superior cervical ganglion is extirpated, the opening of 
the eye etc. begin 5 to 10 seconds later on the injured side, so that 
the first part of the effect normally produced is apparently due to a 
stimulation of the superior cervical ganglion. 

After a small dose of nicotin (e.g. 5 mgs.), the various effects 
produced last one to two minutes only and then gradually subside. In 
a few minutes, whilst the eye is still half open, the nictitating membrane 
falls past its original position ; this is very little marked in the rabbit, 
but in the cat the nictitating membrane covers } to 4 of the cornea, that 
is, it is as prominent as after extirpation of the superior cervical ganglion. 

After a large dose the eye remains open, but not widely, and in the 
dog the nictitating membrane covers very little of the cornea. 

When the cornea or skin around the eye is touched in a state of 
fairly deep anzsthesia, from choral, chloroform, and ether, the eye 
closes rather slowly ; in similar anzsthesia from morphia the reflex is 
quicker. Nicotin affects these reflexes according to the amount given. 
_ A dose of about 1 mg. generally quickens the reflexes considerably. 
A dose of about 5 to 10 mgs. quickens greatly the reflex from touching 
the skin, but as a rule not the reflex from touching the cornea, this 
indeed may be absent for some seconds to half a minute. Moreover 
notwithstanding the slight corneal reflex, the eye may shut on flashing 
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a light into it, or suddenly bringing the hand near it. And it is 
noteworthy that a flash of light may cause the eye to close, although 
keeping the light turned on the eye does not cause the pupil to contract 
—we have not however tried this with direct sunlight. The reflex 
closure of the eye from light is readily stopped by excess of chloroform. 
With a larger dose there is a distinct period of complete absence of 
reflex closure of the eye, followed by rather prolonged periods of 
increased reflex on touching the skin. After a certain large dose of 
nicotin, no reflex closing of the eye can be obtained for some time. 

There are not inconsiderable variations in the effects of a given dose 
in different rabbits and cats. In the dog a very large dose, e.g. 100 to 
200 mg. of nicotin, is required to produce anything more than a 
temporary absence of reflex closure of the eye. Indeed after 50 mg., 
the reflexes may, after the first minute or so, be much increased. The 
chief points to be noticed are (a) that nicotin up to a certain 
amount increases the reflexes and (b) that the reflex from 
touching the cornea ceases before that from touching the 
skin, (c) that a flash of light may cause closure of the eye, or 
a twitch of the eyelids at a time when the reflex contraction 
of the pupil from light is very slight or absent, (d) that with 
the large doses there is a shorter or longer period of complete 
absence of reflex closure of the eye. 

Piturt and nicotin. We have already said that the actions we 
describe for nicotin, we have also observed with pituri. It is perhaps 
worth while to mention this expressly here, since Fraser (cp. p. 267) 
was led to doubt of the identity of the two in consequence of a difference 
in their effect on the pupil. It will be seen from what has been said 
above that the effect found by Fraser to occur with pituri may also 
occur with nicotin. 


BLoop PREssuRE AND HEarT Beat. 


The effects of nicotin on the blood pressure tracing in the dog, have 
been given in considerable detail by Traube, and more briefly by 
v. Basch and Oser. We have little to add to these accounts except 
the effect of doses smaller than those used by Traube or by v. Basch 
and Oser (i.e. less than 14 to 2 mgs.) and the effects in the cat and 
rabbit. Most of our observations on blood pressure have been made 
with pituri. 

Cat. A very small amount of pituri, as jj, mg., causes a slowing of 


the heart beat with a slow and slight rise of blood pressure. The 
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slowing of the heart beat after a minute or two gradually becomes less, 
and disappears in three or four minutes. The blood pressure returns to 
the normal in two to three minutes. 


EXPERIMENT IV. 
Cat (p. 190). upon the blood 
pressure and respiration. 

Chloroform. Left sympathetic ligatured and cut ; left vagus cut ; tracings 
of artificial respiration and of blood pressure taken. Rate of heart beat 102 
in 30 secs.; rate of respiration 20 in 30 secs. (The rate of heart beat and of 
the respiration will throughout be given for 30 secs.) 

12.26. Inject into femoral vein 1 c.c. of 0°01 p.c. pituri, ie. 3, mg. 

Both pupils dilate, 

The blood pressure rises 10 mm. of mercury (taking nearly 
20 secs. to do so) with very little change in rate of heart beat ; 
the heart beat then falls to 98. 

The respiration becomes a trifle deeper, but its rate falls to 17}. 

12.34, Heart beat 92. Inject ,4, mg. pituri. 

The blood pressure rises 8 mm. _s* to the previous level in 
about 1} minutes. 

The heart beat in about 20 secs. falls to 85. 

The respiration about a minute — the injection falls from 
18 to 154. 

12.38. Inject ;4, mg. pituri. 

The blood pressure rises 8 mm. 

The heart beat falls to 76. 

The respiration falls at once to 12. 

12.42. Inject 4, mg. pituri. 

The blood pressure rises 27 mm. in about 15 secs. 

The heart beat becomes rapidly but steadily slower, falling from 
78 to 66. 

The respiration rapidly but steadily becomes much deeper, its — 

tate falls (for about half-a-minute) from 11} to 8. 
Slight body movement; none covurred with the previous injec- 
tions. 
12.47. Inject 4, mg. pituri. 
7 _ Effect similar to that of preceding injection, but less. 
12.55. Inject +4, mg. pituri. 

Effect similar to preceding injection, but very slight slowing of 
heart (rate now 81); no corneal reflex ; on touching the inside 
of the ear there is at once twitching of the ear. ee: duis 
movements of hind legs. 
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Injected at intervals of a few minutes, four doses each of ;4, mg. 
pituri. 

After the Ist the right fore leg joined in the rhythmic move- 
ments of the hind legs, and there were other muscular move- 

‘ments. After the 3rd dose, there was brief micturition, The 
effects on the blood pressure were like those of previous injec- 
tions, but there was very little effect either on the heart or 
the respiration. 

| — at intervals of about 1} min. tou more doses each of 
mg. pituri. The last of these'(1:324) caused 
A rise of blood pressure of 38 mm., taking half-a-minute to 
reach the maximum. 
A barely appreciable effect on the heart beat, increasing it 
from 87 to 89. 
The respiration to become very much deeper, wane for a short 
time faster (from 11} to 24). 
1.364. Inject 2 mg. pituri. 

The blood pressure rises 78 mm. 

_ The heart beat is slower during the first part of the rise of the 
blood pressure. 

The respiration stops for 15 secs.; then goes on (rate about 8) 
but is very shallow ; apparently the respiration is insufficient 
to oxidise the blood, for the blood pressure steadily falls, in 
3 min. falling to 60 mm.; during the fall the heart beats regu- 
larly (rate 89) becoming a little slower as the pressure falls. 

1.41. Inject 4 mg. pituri. 

The blood pressure gradually rises 50 mm. and then gradually 
falls ; the heart beat being little if at all altered (rate 85). 

The respiration at once becomes very feeble and in about 15 secs. 
stops. Set up artificial respiration. 

2.0. Inject 4 mg. pituri. 

The blood pressure rises fairly rapidly: 136 mm., there is no 

slowing of the heart, but a gradual quickening to 93 i in 30 secs, 


On injecting a slightly larger dose (4; to 4, mg.) of pituri, the 
changes in the blood pressure tracing are like those to be presently 
described, but are very much less in extent and duration. 

With 1 or more mgrms. of pituri, the stages described by Traube (9) 
are seen, Viz. 

1. Lasting at most fifteen to twenty seconds; the blood pressure 

and the pulse rate sink, occasionally to half or more than > 
half the original, the pulse rate may fall more than this; 
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v. Basch and Oser observed a temporary cessation of the 
heart beat. 

2. Lasting about 4 to 14 minutes; the blood pressure rises at first 
rapidly, then more slowly, occasionally exceeding 24 times 
the original pressure; the pulse also quickens, but may reach 
its maximum in the next stage; at its maximum the pulse is 
faster than the original. : 

3. Lasting several minutes; the blood pressure falls, at the end of 
the stage, it is less than originally; the pulse becomes slower; 
at the end, it is usually slower than originally. 

4. Lasts a shorter time than the previous stage; the blood pressure 

| continues to fall, but more slowly. The pulse increases slowly. 

Except after very small doses, there is a long lasting diminution in 
the rate of heart beat, and though perhaps to a less degree, of the blood 
pressure. 

Traube (10) also found that after section of the vagi, there was on | 
injecting nicotin a brief rise of blood pressure before the primary slowing 
of the heart. The time after the beginning of the rise of blood pressure 
at which the heart begins to beat more slowly varies considerably in 
different experiments. A similar delay in the effect of pituri or nicotin 
in the heart may be seen after section of one vagus; thus in a cat in 
which the right vagus had been cut, the injection of 1 mg. of pituri into 
the femoral vein caused a rapid rise of blood pressure from 150 to 280 
mm. mercury, before any slowing of the heart beat took place and even 
then the slowing was slight. 

It was shown by Traube that with successive small doses of nicotin 
the primary slowing of the heart occurs later, and soon does not occur 
at all, and that the rise of blood pressure becomes less abrupt. But 
these two changes in the form of the blood pressure tracing do not 
necessarily go hand in hand, for an abrupt rise of blood pressure may 
be obtained with no sequent slowing of the heart beat, and a gradual 
rise of pressure with sequent slowing of the heart beat. Thus, in an 
experiment upon a dog, both vagi being cut, an injection of 2 mgs. of 
pituri produced the usual effects, the primary slowing began in 8 seconds 
from the beginning of the rise of the blood pressure; 34 minutes after 
this, 2 mgs. of nicotin caused a rapid rise of blood pressure though much 
less rapid than the previous injection and no primary slowing of the 
heart. Then 25 mgs. of curari were given. On injecting 2 mgs. of 
pituri, 46 minutes after the injection of the nicotin, there was for 26 
seconds a gradual rise in the blood pressure, the respiratory variations 
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in the blood pressure and the rate of heart beat remaining unaffected, 
after this the slowing of the heart began and the rest of the curve was 
in general features like that caused by the first injection. The other 
results of successive injections of nicotin as given by Traube, we have 
obtained with pituri. 

In all mammals the inhibitory fibres of the vagus are readily para- 
lysed by nicotin. In the cat Truhart found paralysis after 10 mgs., — 
and sometimes after 5 mgs. of nicotin had been injected; we have seen © 
a brief paralysis after 2 mgs. and a distinct diminution in the inhibitory 
effect of the vagus after 1 mg. 

Section of the cervical spinal cord. Surminsky found no rise of 
blood pressure on injecting nicotin after section of the cervical spinal 
cord; and in consequence concluded that the rise of blood pressure 
normally produced by nicotin was due to a stimulation of the medullary 
vaso-motor centre and not to a stimulation of the — cord or of a 
peripheral apparatus, 

v. Basch and Oser, however, observed that after section of the cord, 


-nicotin still caused_pallor of the intestine, and further that when nicotin 


was injected into a small artery running to an isolated portion of the 
intestine, pallor of this piece of intestine followed; hence they concluded — 
that nicotin must in part act peripherally. 

We find that in dogs after section of the spinal cord in the region of 
the Ist cervical nerve, there is still a great. rise of blood pressure on 
injecting pituri or nicotin. In order to observe other effects we injected 
pituri or nicotin before as well as after section of the cord, so that the 
form of the blood pressure tracing obtained after section of the cord was 
modified by the previous injection; in these tracings, the blood pressure 
rose steadily and rather slowly, reaching in a minute or less about twice 
its original height; there was also in most cases an acceleration in the 
rate of heart beat. 

Rabbit. In the rabbit—at any rate in moderate and deep anzsthesia 
—-pituri and nicotin produce very much less rise of blood pressure and 
much less primary slowing of heart than in the cat and dog, and doses 
which would cause without fail a rise in the blood pressure of a dog of 
120 to 180 mm. of mercury, often cause in the rabbit a rise of a few 
millimetres only in the blood pressure and little or no primary 
slowing of the heart. 

Stimulation of the central end of the depressor ceases to have an 


‘effect upon the blood pressure before stimulation of the cervical sympa- 


thetic ceases to cause a constriction in the vessels of the ear. After a 
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rather large dose of nicotin, stimulation of the central end of the sciatic 
is also without effect. The ordinary effect of pituri and nicotin in the 
rabbit 1 is given in the following — 


EXPERIMENT V. 


Rabbis p. 27): of dove of pituri upon the blood 
pressure. 


Chloroform and ether. Vagi and right depressor ligatured and cut. 
Tracing of carotid blood pressure taken. 
1.33, Stimulation of depressor, causes pressure to fall from 64 to 

48 mm. Hg. 

ey Stimulation of peripheral end of right —_ causes normal inhi- 
bition. 
1.36. Inject into jugular vein 2 c.c. of 0'1 p.c. pituri, i.e. 2 mg. 

Blood pressure rises gradually in course of next 40 secs. from 
60 to 92 mm., declining slowly to 60 again in 2} min, and 
sinking ultimately to 56 mm. 

Rate of heart beat increased at first from 130 to 134 in 30 secs. 
being 135 after 2 min. 

1.404. Stimulation of depressor is without effect, 

1.43. Stimulation of right vagus with the same current as before is 
without effect, with a strong current causes feeble inhibition. 

1.44. Inject 2 mg. pituri. 

Blood pressure at 62 mm. falls a little for a few seconds sea 
then rises gradually, reaching 76 mm. in 50 secs. At the end 
of 14 min. it has fallen to 60 mm., and further at the end 
of 3 min. to 42 mm. : 

Rate of heart beat is slowed from 137 to 112 in 30 secs. in 
course of the first minute, and to 106 after 3 min. © 


The general explanation of the effect of nicotin upon the blood pressure 
and heart beat we take to be, that nicotin first stimulates and then 
(if in sufficient dose) paralyses the peripheral nerve cells on the course 
of the vaso-constrictor and vaso-dilator nerve fibres, the total result of 
which is a primary great increase of blood pressure, lasting about three 
minutes, and then a fall below normal. Nicotin also stimulates the 
cardio-inhibitory centre in the medulla, and first stimulates and then 
paralyses the nerve cells on the course of the cardiac inhibitory fibres. 
The stimulation of the inhibitory centre in the medulla becomes effective 
first, so that ordinarily the slowing of the heart begins simultaneously 
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with the constriction of the small arteries tending to a rise of blood 
pressure, but after the rise in blood pressure when the vagi have been 
cut. or the irritability of the cardio-inhibitory centre depressed by a 
previous small dose of nicotin. Nicotin also stimulates and then paralyses 
nerve cells on the course of the cardiac accelerator fibres—probably 
either in the 1st thoracic or inferior cervical ganglion—and the stimula- 
tion causes in the main the increased rate of heart beat seen 30 seconds 
to a minute after the injection. 

The experiments are not adequate to show that nicotin first stimu- 
lates and then paralyses the medullary vaso-motor and cardio-accelerator 
centres, but it is probable that this is the case. 


Vaso-MoTorR EFFECTS. 


Previous observations. The following effects of nicotin upon the 
state of the blood vessels have beén described. v. Praag noticed that 
often in the dog, the nictitating membrane was congested. Rosenthal, 
in the rabbit, observed the ear to be congested. Traube noticed in the 
dog an increased blood flow from the crural vein during the period of 
the rise of blood pressure caused by nicotin. v. Basch and Oser found 
that nicotin caused in the small intestine first great pallor lasting for a 
minute or two, and then flushing; Ostroumoff, by means of a thermo- 
meter placed between the toes of a dog’s foot, found a rise of temperature 
after injecting nicotin; the rise of temperature was absent if the sciatic 
had been previously cut but not stimulated; if the sciatic had been cut 
and repeatedly stimulated nicotin might cause a rise of temperature 
though less than normally. 

Heidenhain found an increased blood flow from the salivary gland 
of the dog (cp. also Langley (82)). 

Further observations. We find that injection of nicotin causes in 
certain parts of the body primary constriction of the small arteries, 
followed by dilation, and in others primary dilation followed by constric- 
tion. These we will consider separately. 


Regions in which there is primary constriction followed by dilation. 
Intestines. We have little to add to the account of v. Basch and 
Oser already quoted; the vascular effects apparently occur in the whole 
of the abdominal viscera, and the spleen usually undergoes a very con- 
siderable constriction. 
The usual effect of repeated doses is given by v. Basch and Oser 
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In one or two cases in the rabbit, on giving nicotin after several previous 
doses, we noticed a primary flushing of the intestines instead of a 
primary contraction. Like v. Basch and Oser we find that section of 
the cervical spinal cord—in our experiments in the region of the first 
cervical nerve—does not prevent the usual effects of injection of nicotin. 

On the ear of the rabbit we have made a considerable number of 
observations; these do-not confirm the generally received statement that 
nicotin causes a primary flushing of the ears. 

Occasionally, probably mainly depending, as is the case with the 
pupil, on the degree of anesthesia, a dose of 1 to about 10 mgs. may 
cause no change in the ear, but in most cases the injection causes great 
primary pallor of the ear; the paling of the ear begins in 10 to 20 © 
seconds after the injection, it lasts 4 minute to 2 minutes as a rule, but it 
may last longer; it then gives way to flushing which lasts some minutes, 

but gradually declines after about the first minute. The extent of the 
_ after-flush varies very greatly, but it is rarely maximal; thus in those 
cases in which section of the cervical sympathetic causes great flushing, 
the after-flush caused by nicotin does not attain, at any rate for 10 to 
15 minutes, the degree existing before the nicotin was given; during 
this time there is very little difference between the state of the blood 
vessels in the two ears. After nicotin, except in small amount, the 
permanent condition of the ear is one of moderate pallor. 

But in certain circumstances a brief primary flush may be obtained; 
(a) with a large dose (30 to 50 mgs.) there may be a primary flushing 
of the ear, usually lasting a few seconds only, and then giving way to 
great pallor (cp. Exp. IIL). (6) After a fairly large, or large dose, 
although this may have caused primary pallor, a second similar or 
larger dose generally causes primary flushing; and the same may be seen 
with one or more subsequent doses; sooner or later however there is no 
primary flushing after the injection, but a slow gradual paling, and 
eventually injection of nicotin produces no effect. 

The result of injecting nicotin, is so far as we have seen, uninfluenced 
by section of the cervical sympathetic. 

Removal of the superior cervical ganglion modifies the results of the 
nicotin injection, but not in a quite constant manner. As a rule there 
is primary flushing, beginning before there is any appreciable change in 
the opposite ear, this lasts a short time, from 5 to 20 seconds, and then 
gives way to pallor, which lasts several minutes, the pallor may be 
succeeded by moderate flushing. Sometimes the primary flushing is 
absent. 
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With repeated injections the primary flushing becomes less and 
ceases, the effect then is a slow contraction with very little after-flush, 
later still, injections have no effect, the ear remains rather pale, but not 
excessively so. 

Dyspnea during nicotin poisoning. It is known that normally 
dyspnoea causes great flushing of the ear. When the trachea is 
occluded in the rabbit, the flushing usually begins in about 45 
seconds. This flushing, like the dyspneic dilation of the pupil, is 
readily prevented by nicotin. In some cases the dyspneic dilation 
of the pupil has been absent after so small a quantity as 5 mgs. had 
been injected. When the occlusion of the trachea is kept up long 
enough to cause a weakening of the heart seas there may of course be a 
_ slight paling of the ear. 


EXPERIMENT VI. 

Rabbit (N. p. 73). Injection of nicotin. Effect of dyspnea on the ear 
and pupil, and of light on the pupil. Effect of further injection of atropin 
and of nicotin wpon the pupil. 

Chloral: chloroform and ether. Dyspnoea causes in about 45 seconds 
great flushing of the ear, but has very little effect upon the pupil; after two 
minutes’ occlusion of the trachea, there may be a slight dilation of the pupil. 
(Right side observed. ) | 
Light reflected into the eye causes a good contraction of the pupil. 

1.57. Inject 5 mg. of nicotin into left jugular. Pupil contracts in about 
20 secs, 

1.59. Light reflected into eye, causes a brief turning haakwrents of the 
eye, and closure of the eyelids, but no change in the pupil. 

2.0. Dyspnea for 90 secs. does not cause any change in the ear or in 
the pupil. | 

2.8. Pupil has now partially re-dilated. 

Light reflected into eye, causes first movement of eye and eyelids 
as given above and one to two seconds later constriction of 
pupil. 

2.12. Inject 5 mg. of nicotin. Effects as before. 

2.25. Pupil now contracts slowly and slightly to bright light. Apart 
from stimulation is slowly expanding, is now about 3 mm. in 
diameter. 

2.29. Several drops 1 p.c. atropin sulphate, in left eye; produce no 
appreciable change in pupil. 

2.36. Inject 50 mg. atropin sulphate into left jugular. 

2.45. The pupils are equal, and of about the size they were at the begin- 
ning of the experiment, ie. 5 to 6 mm. in long diameter. 
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2.54. Inject 10 mg. nicotin. 
Pupils contract. 
2.58. Inject 50 mg. nicotin, 
Pupils contract further, are now 15 to 1 mm. in diameter. 


The skin other than that of the ear. With regard to the effect. of 
nicotin upon the skin of the body generally, we have not made many 
experiments, but we have from time to time noted the state of 
congestion or pallor of the pads of the feet, of the interdigital mem- 
branes, of the skin of the abdomen and lips in the rabbit, cat and dog. 
With the exception of the skin of the lips (cp. below), we have not seen, 
after a small or moderate dose of nicotin, a primary flushing of the skin. 
Sometimes there has been no appreciable effect, but not infrequently 
a marked primary pallor has occurred, followed by moderate flushing 
like that which occurs in the ear of the rabbit. It is well known that 
in the dog a moderate dose of curari may cause great congestion of the 
.skin; if when the skin is thus markedly flushed, a little nicotin be 
injected, the skin rapidly becomes pale, and remains so for 2 or 3 
minutes, there is then some after-flush, but the original condition is not 
attained for 10 to 15 minutes. On cutting through the skin of any 
part of the body, although the skin becomes paler, there is increased 
bleeding from some of the deeper vessels cut through, but this may be 
due to the greater blood pressure. 

At the same time we do not doubt the correctness of Ostroumoff’s 
observations, but we think it possible that the rise of temperature 
noticed by him may have been due to a primary dilation of vessels 
beneath the skin, reinforced after a time by the secondary dilation of 
the skin vessels. 


Regions in which there is primary dilation followed by constriction. 


In the dog the injection of pituri or nicotin—even so small a dose 
as half a milligram—causes primary flushing of the whole cavity of the 
mouth, of part of the skin of the upper and lower lips, of the con- 
junctiva and nictitating membrane, and of the mucous membrane of 
the nose, with the adjacent parts of the skin; prubably indeed in the 
whole area of distribution of the fifth nerve. The flushing is very 
intense, but with a small dose, like ‘5 mg., the flushing is usually 
most marked in the anterior parts of the gums and lips. With a rather 
large dose the flushing is in all the regions maximal. 

‘The flushing begins 10 to 30 seconds after the injection of nicotin ; 
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it lasts a time, partly depending on the amount of nicotin given, 
varying for 30 secs. to 8 minutes, it then decreases and gives way 
to great pallor which lasts some minutes. The periods of flushing 
and pallor do not necessarily coincide with the periods of high and 
low blood pressure. 

By repeated injections of small doses, at not too short intervals, 


the primary dilation of the vessels in the above-mentioned areas can © 


be obtained a great number of times. It gradually becomes less, and 


after one or two rather large doses, as 15 to 20 mgs., is very slight, 


unless a pause of 15 to 20 minutes be made before the next injection. 

In the cat and rabbit there is flushing in the same regions as in the 
dog; but the extent of the flushing is very much less and disappears 
sooner on successive injection of nicotin. Occasionally in the rabbit we 
have seen, on a second or third injection, a paling of the conjunctiva. 
In the rabbit the flushing may occur although there is very little rise 
of blood pressure. 


It will be noticed that the region in which flushing is produced in 


the dog by nicotin is not identical with that in which flushing is 
produced by stimulating the cervical sympathetic ; the former includes 
the tongue and some other parts of the mouth which are made paler by 
stimulating the sympathetic ; and further that in the cat and rabbit, all 
the regions which are made redder by nicotin are made pale by stimu- 
lating the cervical sympathetic. (cp. Langley and Dickinson (33)). 

Section of the cervical sympathetic has, as a rule, no effect upon the 
primary flushing and subsequent pallor produced by nicotin, that is to 
say, these effects are not as a rule produced by stimuli sent out from the 
central nervous system along the sympathetic nerve. 

When, however, the superior cervical ganglion is cut out on one side, 
and nicotin is injected, the flushing on the injured side begins later and 
disappears sooner than on the uninjured side, so that part of the effect 
on the uninjured side must be due to a stimulation by nicotin of the 
nerve cells of the superior cervical ganglion. 


EXPERIMENT VIL. 
Rabbit (C. p. 26). Hacision of superior cervical ganglion. Effect of 
| injecting nicotin on the blood vessels of the ear. 
Chloral: chloroform and ether. 
2.20. Cut out left superior cervical ganglion. 


2.50, Both ears moderately pale, except basal jth of left ear, this 
flushed. Left pupil smaller than right. * 
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2.52. Inject 5 mg. nicotin into crural vein. 

: Left ear flushes for short time, the right ear being snide 
then both begin to become pale. Both pupils become smaller, 
left remaining smaller than right. | | 

2.53. Both ears very pale: 

2.544. Ears less pale, left less than right. 

2.58. Pupils dilating. 

3.10. Slight rhythmic variation in each ear. 

3.15. There has been no marked flushing of the ears, they are now as 
they were before injection, but the central artery of the —_ 
ear is more distinct. 

A second injection of 5 mg. nicotin gave similar results. 


We have not as yet made sufficient experiments on the effect of 
injecting nicotin after section of fifth nerve in addition to removal of 


the superior cervical to feel certain whether vascular changes do or do | 


not then occur. 

The application of 1 pc. nicotin to the mucous membrane of the 
mouth or conjunctiva causes local flushing. 

From the tissues cut during dissection there is an outburst of 
bleeding on injecting nicotin, especially in the dog, but this may 
be simply due to the primary increase of arterial blood pressure. _ 

After section of the spinal cord just below the medulla, the injection 
of pituri or nicotin still causes primary flushing and secondary pallor in 
the mouth region; the flushing is however less marked than normal, 
and on giving successive small doses disappears sooner ; it may be absent 
at a tjme when the injection still causes a considerable rise of blood 

re. 

The effects of nicotin on the other parts of the body may be briefly 
treated. The account already given shows that nicotin first stimulates 
and then paralyses the central nervous system, and that it has in 


general a similar effect upon peripheral ganglia. With regard to the 


small intestines we can confirm the observation of Nasse and of 
v. Basch and Oser; we have also (31) given some account of the 


action of nicotin upon the ganglia of the celiac plexus. On injecting 


nicotin, brief micturition, not infrequently but by no means always 
occurs, and the poison is readily found in the urine. The effect of 
nicotin on the salivary glands has already been given by one of us (32). 
Actual vomiting, apparently a constant effect when anesthetics are not 
given, we have not seen in our experiments, but slight vomiting 
movements were not uncommon in the cat and dog after injecting a 
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small dose of nicotin. With pituri, we have made a sufficient number 
of experiments upon all the above-mentioned points, to be certain that 
there is no obvious difference between its action and that of nicotin. 


March 24, 1890. 
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NOTES ON THE MODE OF ACTION OF RENNIN AND 

FIBRIN-FERMENT. By A. SHERIDAN LEA, ScD., 

. Fellow and Lecturer of Gonville and Caius College, Cambridge, 

AND W. LEE DICKINSON, M.B., MRC.P., Gonville and 
Caius College’. 


(From the Physiological Laboratory, Cambridge.) 


In a recent paper’, Fick has put forward the view that the mode 
of action of the clotting ferments is fundamentally different from that 
of the ordinary digestive enzymes. He bases his views entirely upon a 
consideration of the phenomena of milk-clotting during the manufacture 
of cheese on the large scale, and upon an experiment made with a 
glycerin extract of rennin®. The conclusion to which he comes is that 
unlike the true enzymes, the molecules of the clotting ferments do not 
require to come into intimate relationship with the molecules of the 
substance which is undergoing the change, but that when once the 
change has been set up by the ferment in any one portion of the 
substance, this change is propagated from particle to particle of the 
same without the further necessary intervention of the ferment. If 
this view were correct it would imply that after the change is once 
started, each portion of the already changed substance acts like the 
original ferment to the still unchanged part, and indeed the various 
conclusions which would follow from the establishment of Fick’s view 
make it important to investigate it rather more fully than he has 
done. | | 


1 In view of the recent publication by Latschenberger (Centralb. f. Physiol. Bd. 1v. 
No. 1, April 12, 1890) of a paper in which he has arrived at the same result as ourselves 
it seems necessary to state that the MS. of this communication was completed for press 
on Feb. 26 and that the experiments described below were demonstrated to the Cambridge 
Philosophical Society on March 10. (Camb. University Reporter, March 18, 1890, p. 562.) 

Pfiiger’s Arch., Bd. xuy. (1889), 8. 293. 

3 We propose to use the name ‘rennin’ for the milk-clotting ferment of ‘rennet’ as 
being more convenient than the more usually employed phrases ‘ the rennet ferment’ &c. 
and analogous to the ordinary names of other enzymes. 


j 
i 
- ag 
‘a 
| 
3 
‘ 
wy 
a 
va 
og 


y 
ad 


i 
4] 
j 
| 
af 


308 $A. SHERIDAN LEA AND W. L. DICKINSON. 


Fick’s experiment was as follows. He placed on the bottom of a 
test-tube a few drops of a glycerin extract of the gastric mucous 
membrane of a calf; on to this he poured with all possible care some 
milk, previously warmed to 40° C., so as to completely fill up the tube, 
while avoiding as far as possible any mixing of the two fluids. He 
then placed the tube in a water-bath at 40° and observed that the milk 
was constantly clotted up to the very top of the tube in about a minute 
or less. On this experiment he bases his view and applied it to the 
action of the fibrin-ferment, without however testing it by a similar 
experiment with a diluted plasma and ferment solution. The evidence 
was thus somewhat scanty and the method of experiment was also not 
quite satisfactory or conclusive. Rennin is a ferment which is readily 
obtained in solution in such amounts that it is possessed of extra- 
ordinary activity’. It is thus quite conceivable that Fick’s result 
arose from the slight mixing which must inevitably occur however 
carefully the milk was poured on to the ferment extract. We 
therefore proceeded to repeat the experiment, using every precaution 
to avoid mixing of the two fluids, and carrying out the experiments 
in tubes of varying diameter, so as to obtain contact-surfaces of varying 
extent between the milk and the ferment solution®. By this: latter 
means it was also possible to obtain an idea of the influence exerted 


by any convection currents in effecting a mixture of the ferment and 


supernatant milk. 


The following is typical of our experiments and their results. Three 
pairs of tubes were taken, whose diameters were respectively 1'5, 2°5 
and 5 cm. Into each of the first pair 10 c.c. of fresh milk were 
introduced, into each of the second pair 20 c.c., and into the third 
40 cc. The six tubes were then placed in a water-bath at 40° and 
the milk raised to this temperature. We now introduced the rennin 
solution, previously warmed to 40°, into the bottom of the tubes so that 
it formed a clear layer below the milk, with a perfectly sharp line of 
demarcation between the two fluids. This was done by means of a 
glass tube drawn out to a long and very fine capillary ending, so fine 
that the ferment would pass through it in the slowest and most regular 
stream, and thus ensure that there should be the least possible mixing. 


1 One part of purified rennin is stated to be able to effect the clotting of 400,000— 
800,000 parts of casein. Hammarsten. See Maly’s Jahresbericht, Bd. v1. (1877), 8. 166. 

* The rennin used was the ordinary commercial preparation, made presumably by 
extracting the mucous membrane with sodium chloride, of which it contained a con- 
siderable quantity. 
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The amount of ferment added to the smallest tubes was 2 c.c., to the 
next 4 c.c., to the largest 8 c.c., so that the proportion of ferment to milk 
was the same in each. The contents of one of each of the pairs of 
tubes were now mixed by a short but violent agitation and the times of 
clotting observed. The tubes whose contents were mixed, clotted in 3, 
4 and 4 minutes respectively. With the tubes whose contents were 
unmixed, the results were as follows: 

Tube 1°5 cm. wide. After 20 minutes’ digestion at 40° there was a 
clot at the junction of the ferment and milk ‘5 c.m. deep, the rest of the 
milk being at this stage perfectly fluid and remaining so for 3 hours. 
The supernatant milk was not completely clotted to the top until 5 
hours 4 minutes after the commencement of the experiment. 

Tube 2°5 cm. wide. After 20 minutes’ digestion the clot at the 
junction of the ferment and milk was “75 cm. deep: the milk did not 
clot to the surface until 4 hours and 39 minutes from the beginning of 
the digestion. 

Tube 5 cm. wide. After 5 hours and 24 minutes the milk had 
clotted half way up to its surface; it had not clotted completely up to 
the top at the end of 7°5 hours, at which period we had to leave the 
laboratory for that day. 

In another experiment with the same tubes, the times required for 
the complete clotting of the milk in the narrower tubes was much less 
than the above, but was still 1 hour and 1 hour 10 minutes respectively. 
In the wide tube the clotting was not complete even after the digestion 
had been carried on for 2 hours and 15 minutes. 7 

The results thus obtained were strikingly at variance with those 
observed by Fick and lend no support to his view as to the mode of 
action of the ferment. Indeed they point rather to the conclusion that 
the clotting is finally due to the gradual dissemination of the ferment 
by convection currents. When 20 cc. of water to which a little finely 
powdered charcoal had been added, were placed in the 2 cm. tube and 
immersed in the water-bath at 40° we were always able to observe the 
existence of convection currents, even when the temperature of the 
water in the tube, as taken by a thermometer, was the same as that 


of the bath. The currents appeared to flow up the sides of the tube 


and down the centre. On enquiry of a professed physicist as to the 
probable relative extent and activity of these currents in the tubes of 
varying width, he expressed his opinion that: they would be most 
marked in the narrower tubes; this statement corresponds to the 
result which we generally obtained that the clotting was progressively 
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slower in the wider tubes). We further determined how small a 
quantity of the rennin was required to clot 10 cc. of milk and 
found that one minute drop of the ferment solution sufficed to 
clot the milk in 32 minutes. From this it was obvious that a mere 
trace of the ferment distributed by the inevitable convection currents 


_ would suffice to bring abotft Phe results we obtained. 


The above experiments with milk were repeated with a dilute 
salted blood-plasma and an active solution of fibrin-ferment, prepared 
by extracting fibrin with 10 p.c. sodium chloride. The results of these 
experiments were the same as of those made with rennin and milk, but 
were if anything more striking: It will suffice to describe one 


experiment. 20 cc. of the dilute salt-plasma were placed in each 


of the 2 cm. tubes: 2 cc, of the fibrin-ferment solution were carefully 
introduced as before beneath the plasma in one tube, while 2 c.c. of the 
same ferment were mixed by agitation with the contents of the other 
tube. The latter clotted in 11 minutes. After 6 hours’ digestion in 
the other, the condition of its contents was as follows; there was a 
clear layer of ferment solution 1°5 cm. deep at the bottom, then a 
clot of fibrin ‘75 cm. deep above this, and the rest of the plasma was as 
fluid and clear as at the outset of the experiment. The clot of fibrin 
was so firm that the tube could be inverted, the supernatant fluid 
plasma poured away, and the fluid ferment-solution was then found 
to be completely imprisoned in the upturned closed end of the tube. 
In another experiment similarly conducted to the above, the general 
results were the same. But in this case instead of pouring away the 
supernatant plasma above the first formed clot, the tube was shaken so 
as to break up this clot, liberate the imprisoned ferment-solution and 
thus mix the ferment with the still unclotted plasma. On now 
digesting the contents of the tube again at 40°, this plasma was 
solidly clotted after the lapse of 20 minutes. In this way the necessity 
of a contact between the ferment molecules and the fibrin-factors in the | 
plasma seemed to be most conclusively shown. 

Before concluding we must now describe an experiment, several 
times repeated, which though it yielded negative results was to a large 
extent satisfactory, since our previous experiments had led us to expect 
this negative result. Some milk was placed in a narrow (2 cm. wide) 
porous battery-cell made of extremely thin earthenware; the cell 
was then immersed in a beaker of rennin solution so that the level 
was the same inside and outside the cell, and digested at 40° for 
17 hours. At the end of this time there was not a trace of clot in 
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the milk or on the inner surface of the porous cell. The experiment 
was repeated with the same cell for a period of 27 hours, with a similar 
result. It appeared to us that if Fick’s view is correct, then a clot 
might have been expected to form in the above experiment, if not 
throughout the whole mass of milk, at least along the inner walls of 
the cell, but no trace of clot was observed. It would however be 
perhaps unwise to lay too much stress on this experiment, for we know 
but little of what is happening in the pores of the cell’s wall when it is 
used as a septum between two different fluids, But it is scarcely 
conceivable that the rennin should not have come in contact with 
the milk, bearing in mind that such a cell is permeated by pores 
through which a filtration of fluids can be carried on under pressure. 
Had the septum been composed of parchment paper, no conclusions 
could have been drawn from the experiment. 

_ On the basis of these observations we feel ourselves compelled to 
question the validity of Fick’s views, and to see in the results we 
obtained nothing but a confirmation of what had previously been 
believed as to the mode of action of rennin and fibrin-ferment being 
essentially similar to that of other well characterized enzymes, as far 
as contact between the ferment and the alterable substance is concerned. 
The mode of action of enzymes is of such absorbing interest, that no 
statements which seem to indicate a possible difference in the way they 
produce their effects should be allowed to pass without careful examina- 
tion and experimental confirmation. . 


Feb. 26, 1890. 
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OSMOSIS EXPERIMENTS WITH LIVING AND DEAD 
MEMBRANES. By E. WAYMOUTH REID, Professor of 
Physiology at University College, Dundee, University of St Andrews. 
Late Assistant Lecturer on Physiology to St Mary's Hospital 
Medical School, Puates VIIT., X., XL 


Many observers have borne witness to the fact, that the phenomena 
of Diffusion between two liquids separated by an animal membrane, 
present differences, according as the membrane has been recently 
removed from the living body, or has had time to undergo various 
post mortem changes prior to its employment for experiment. 

Dutrochet', in some of his earlier experiments with the cecum 
of the fowl, noticed that the freshness of the viscus influenced the result 
of the experiment. Thus, he found that the fresh cecum filled with 
milk and plunged into water, continued to increase in weight for a 
period of 36 hrs.; in a second experiment with the same cecum and 
fresh milk, the increase of weight continued only for 24 hrs., and the 
amount of fluid introduced into the organ by osmosis was only about 
one fifth part of the amount passing when the specimen was perfectly 
fresh. 

Matteucci and Cima’ experimenting with the skins of the frog, 


the eel, and the torpedo, found that variations in the facing of the 


surfaces of the skin towards the fluids used for experiment, exerted an 
influence upon the rapidity of osmotic transference of fluid, and that 
this peculiarity existed only while the membranes were in a fresh state. 
They also observed similar differences in the vesical mucous membrane 
of the ox, and the gastric mucous membrane of the lamb, the cat, and 
the dog. 

Claude Bernard* showed that the excised mucosa of the stomach 
is capable of offering a resistance to the passage of curare, while it is in 


a living condition ; removal of the epithelium robbed it of this property. 


1 L’ Agent immédiat du Mouvement Vital, Paris, 1826. 
2 Ann. de Chimie et de Physique, t. x111. 1845. 
3 Union Médicale, pp. 445, 457, 462, 1849. 
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(Von Wittich’ mentions that curare was given by the mouth as an 
antipyretic by Richard Schomburgk in British Guiana in the years 
1840 to 1844.) 

I have obtained a record (Tracing 1, PI. IX.) of this fact in the follow- 
ing manner. To the lower ends of two tubes having a sectional area of 
95 sq. mm. and a capacity of 10 c.c. were tied the gastric mucous mem- 
branes of two frogs; in one case the membrane was perfectly fresh, while 
in the other it had remained 16 hrs. in normal saline solution before em- 


ployment for experiment. The tubes were fixed vertically in a moist 


chamber and were filled with normal saline. The two gastrocnemii 
nerve-muscle preparations of a frog were suspended by their femora, so 
that one muscle was immersed in the salt solution. in each tube, while 
the sciatics passed over a pair of electrodes so arranged that the 
stimulus was of the same intensity to each of the two nerves. A pair 
of rigid wires attached to the tendons of the muscles passed vertically 
upwards and through the roof of the moist chamber; these wires 
actuated two levers whose movements were recorded on a travelling 
smoked surface. The lower ends of the tubes covered by the mucose 
were dipped into a vessel containing ‘5°/, solution of curare in normal 
saline, and the response of the muscles to stimulation of their nerves 
was tested from time to time, the secondary coil of the induction - 
machine being at 20 cm. from the primary and the battery being one 
Daniell cell. Three hours after the commencement of the experiment the 
muscle in the tube covered by the stale mucous membrane showed 
signs of curarization, and by 3 hrs. and 30 minutes it refused to respond 
to the stimulus, at which period however the muscle in the tube closed 
by fresh mucosa contracted vigorously to the same stimulus. The 
strength of the induction shock was then gradually increased until the 
primary coil was completely enclosed by the secondary ; such increase of 
stimulus however failed to call forth a contraction of the muscle in the 
tube closed by stale mucous membrane, while that in the tube closed by 
fresh mucous membrane still contracted and indeed showed no sign of 
curarization. I have repeated this experiment four times and have 
always obtained the same result. | 

Susini*, using the bladder of the rabbit filled with a 5°/, solution of 
potassium ferrocyanide, found that in the fresh state the salt did not 
appear upon the outer surface until about one hour after the commence- 


1 Handbuch der Physiologie, Bd. v. Th. a., Hermann. 
2 Journal de l Anatomie, p. 144, 1868. 
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ment of the experiment, but that erosion of the epithelium greatly 
hastened its passage through the wall of the organ. He also noted a 
much faster passage of the salt through the wall of the intestine than 
through that of the stomach. 

Cazeneuve and Livon' experimented with the exsected bladders 
of dogs which had been compelled to retain their urine for some hours | 
before they were killed. The bladders, distended with urine, were | 
suspended in distilled water, and the hypobromite of soda test applied 
to a portion of the water from time to time in order to detect the 
presence of diffused urea. From a fresh bladder they found that no 
urea had passed out by 4 hrs. after the commencement of the experi- 
ment. After allowing 24 hrs. to elapse before using the bladder, the 
presence of urea could be detected in from 10 to 15 minutes. Scraping 
away epithelium from within by means of a sound at once rendered the 
wall permeable to the contained solution of urea. They noticed more- 

over that the state of nutrition of the animal influenced this retarding 
action of the epithetin of the bladder. 

Englemann’, in some experiments relating to the influence of the 
membrane upon the process of electro-osmosis, found that the fresh skin 
of the frog was less permeable than skin which had remained in water 
for some days prior to its use. 

I have repeated the experiment of Cazeneuve and Livon with the 

bladder of the cat, suspending it in distilled water as soon as practicable 
after decapitation. With a normal bladder, I found no trace of urea in 
the surrounding water till 5 hrs. after death, by using the hypobromite 
of soda test; in another case the wall of the bladder was rubbed between 
the finger and thumb in order to detach the epithelium; in this case 
urea was found within 2 hrs. after death. 
It is evident then that diffusion through animal membranes is 
greatly influenced by the physiological state of the tissues composing 
such membranes, a fact daily brought before the notice of the physician 
in cases of albuminuria of diverse origin, various pathological transuda- 
tions etc. 

Experimental evidence has been given moreover that some power of 
selection resides in the protoplasm of the epithelia covering certain of © 
the cavities of the body. 

Tappeiner® in a series of very careful experiments conducted for 


1 Comptes Rendus, t. 87, p. 435, 1878, 
2 Arch néerlandaises, p. 332, 1874. 
3 Wien Siteungsberichte, Bd. 77, Abtheil. m1. p. 281, 1878. 
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the most part on dogs, found that whilst in the duodenum and 
jejunum injected taurocholate and glychocholate of soda were not 
absorbed, in the ileum both salts rapidly disappeared after their 
introduction. The absence of absorption in the first instance could 
not be traced to any chemical changes undergone by the salts, to injury 
to the parts or to the shock of the operation. The amount of salts 
absorbed in the ileum towards the end of an experiment of 3 or 4 hrs. 
- duration was found to be less than during the earlier stages. He 
concluded that differences of selective power of epithelia could alone 
account for the facts observed, and that the diminution in rate of 
absorption observed towards the end of an experiment was a result of 
fatigue of the epithelial function. i 

: The experiments of Susini quoted above, with reference to the 
greater ease with which potassium ferrocyanide passes through the 
wall of the intestine than through the wall of the stomach, seem to point 
to the same fact. 

The experiments in the present research have been directed towards 
-a more careful study of the influence exerted by variations in the physio- 
logical condition of an animal membrane upon the process of diffusion 
through its tissues. The skin and the gastric mucous membrane of the 
frog have been employed as membranes, but in the present paper I 

shall confine myself to the observations made with the former tissue. 

? In the process of absorption in the living body, vascular and perhaps 
nervous factors are at work, whose value cannot be gauged with 
exactness, though they profoundly modify the course of events. It is 
only by exclusion of these factors, for the sake of simplifying the 
problem, that one can hope to arrive at any clear and definite 
conclusion with regard to the part played by epithelial action in the 
process of transference of fluid through a living membrane. To this 
end the persistent vitality of the excised tissues of cold-blooded animals . 
lends itself. 

If diffusion experiments are to be conducted with exsected tissues, 
whose vital condition must be prolonged as much as possible, it will be 
necessary to make use of fluids having the smallest deleterious action as 
regards the life of the tissue, consistent with sufficiently low osmotic 
equivalent to give a fairly rapid indication of the transference of fluid 
through the membrane. In searching for such fluids the period of 
persistence of the movements of the cilia of the ciliated epithelium of 
the frog, when immersed in the fluid and protected from pressure, was 
taken as an index. It was finally determined that a 5°/, solution of 
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glucose in normal saline solution was the most convenient for general 
use ; in this fluid cilia from the cesophagus of the frog continue in an 
active condition for from four to five hours. 


APPARATUS AND METHODS. 


Osmometers of the following patterns were employed, and in all 
cases were worked in pairs simultaneously to eliminate as far as 
possible errors due to variation of temperature from day to day. 

Elevation of temperature causes an increase in the rapidity of 
diffusion when a piece of dead membrane is employed for experiment, 
and Eckhard’ has given a formula for the coefficient when ox pericar- 
dium and sodium chloride are employed ; apart from the complication 
introduced, it would not appear safe to apply this formula, obtained 
from experiments, on what must be considered dead membrane, on 
account of the strengths of the solutions of salt, to experiments in 
which the membrane is alive at the commencement of the process, and 
continually altering in nature as the experiment takes its course. 

1. The classical form of osmometer of Dutrochet, in which the 
process of osmosis commences at a pressure, increasing as the experi- 
ment proceeds, was in some cases employed. The pairs were constructed 
in the following manner. A piece of glass tube was cut across and the 
two ends of the section ground flat and polished; a groove was then 
cut round the side of the tube about ‘5 millimetre from the lower edge 
by means of an emery wheel; the other end of each piece of tube, after 
being drawn in a flame, was fused on to a piece of tubing about 
20 centimetres long. By this method it is possible to get the apertures 


of the two osmometers of exactly the same area; if the edge of the tube 


is turned out in a flame, in order to get a rim to prevent the slipping 
off of the membrane, a satisfactory pair cannot be obtained. The same 


_ pair has been used in all the experiments published, the measurements 


being, area of aperture 95 sq. mm., diameter of observation tube 3°5 mm., 
capacity up to mark 5°5c.c.; a rise of 1 mm. of the column of fluid © 
indicated an introduction of 9 cubic mm. of fluid into the reservoir 
through the membrane. 


In all experiments the same volume (5°5 c.c.) of fluid was ‘atinéduced 


into the apparatus, and the same parts of the observation tubes used ; 


the parts of the tubes which corresponded were determined by experi- 


1 Beitriige, Ba. 11. p. 27, 1860. 
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ment, the error from variation of calibre being so small that it could be 
safely neglected. The fluids employed were allowed to attain the room 
temperature before introduction into the instruments. 

The membrane was carefully supported by resting upon an ebonite 
_ plate pierced with holes about ‘5 sq. mm. in area; the circle of the 

base of the instrument included 40 of these holes, so that about 20 
sq. mm. of membrane were exposed through the holes, though doubtless 
diffusion currents passed also between the plate and the membrane. 
These ebonite plates were clamped together during the operation of 
drilling in order that the same number of holes per square centimetre 
might be present in each. To test such a pair of osmometers, equal 
volumes of a solution of glucose in water were introduced into the 
reservoirs, three layers of Roy’s membrane or collodion film tied on 


_ by waxed thread, anda scale in millimetres attached to the observation 


tubes ; the membrane covered ends were immersed to the same depth 
in vessels containing 300 c.c. of distilled water, and rested on the 
perforated ebonite supports. If more than one millimetre difference 
was noted in the levels of the tops of the columns of fluid at the 
expiration of 24 hrs. the pair was discarded. By the method of 
making detailed above, it was found fairly easy to get a good pair ; 
by the ordinary method by which a rim is formed in glass blowing 
it is extremely difficult. The employment of so small an area of 
membrane necessarily renders the rise of fluid in the observation 
tube very slow; it is however only by using small and well-supported 
surfaces, that bagging of the membrane can be prevented in osmo- 
meters working at a pressure. 

(2) The second form of instrument, siiiek I have termed the Oil 
Discharging Osmometer, is shown in fig. (1), Plate VIII. Its advantage 
‘over the Dutrochet pattern is that the pressure can be made nil at 
the commencement of the experiment, and any pressure due to fluid 
‘introduced by osmosis is at once relieved. The part of the apparatus 
to which the membrane is tied is prepared in the manner already 
. deseribed, in order that equal areas may be obtained in the two 
instruments forming a pair; a stopper is added for convenience of 
filling the tubes. 

The stout arm (A) of the instrument is filled with the denser 
of the two solutions employed for experiment; the thin arm (B) 
is filled with a non-drying oil, and the length of the thin arm is 
adjusted by means of a piece of rubber tubing, so that the lengths 
of the arms are inversely proportional to the densities of the fluids 
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they contain. The membrane-covered end of the stout arm rests 
on the surface of the less dense fluid contained in a convenient vessel — 
(D). It will be evident from this arrangement that the membrane 
can be placed at zero pressure at the commencement of the experiment. 
Beneath the open end of the thin arm is placed a small carefully 
weighed vessel, the oil receiver (C). As the process of osmosis proceeds 
the oil is forced out and falls into the oil receiver, the excess of the 
terminal over the initial weight of which indicates the amount of oil — 
forced out of the apparatus. If the relation of volume to weight in 
the specimen of oil employed be known, the volume of fluid introduced 
by osmosis, and which has replaced the oil, can be easily determined. 
The pairs were tested with Roy’s membrane or collodion film as 


described above. The same pair have been used in all the published 


experiments; in this pair a difference of 4 milligrammes in a discharge 
of 24 hours with collodion film and 5°/, glucose in water was the 
maximum error in trials in which from three to four decigrammes © 
of oil passed out of the apparatus. This small error I have neglected, 
and in testing the pair from time to time I have not found it to 
be exceeded. The capacity of the pair used in the published experi- 
ments was 8°'5 c.c. up to mark to which they were filled. 

For recording purposes two forms of apparatus were used. The 
first form of apparatus employed (fig. 2), Plate VIIL records on one sheet 
of paper the rise of fluid in the two tubes of a pair of osmometers 
which are really only modifications of the Dutrochet instrument, except 
that the pressure is nil at the commencement of the experiment. 
The tubes are fixed vertically above one another in front of a vertical 
slit cut in the front board of the camera (A). A sheet of sensitized 
paper (Eastman’s bromide paper in a roll of 50 ft. long, by 10 in. wide) 


is caused to pass behind the slit by the action of the eight-day clock 


(B) ; the paper rolls off a vertical cylinder connected with the pulley 
(X), on to a second vertical cylinder connected with the coned wheel 
(Y). The paper is kept strained by the action of a check weight 
acting on the pulley (X), and behind the slit passes over a small 
vertical roller, not shown in the figure. Any rise in the fluid in 
the recording tubes shows itself on development of the photographic 
paper by means of a white line, produced by the interception of the 
light of a paraffine lamp or Argand gas burner by the meniscus 
at the surface of the fluid. I at first employed a dark fluid (10°/, 
solution of aniline oil in turpentine) on the surface of the fluid in the 
observation tube, this did not however give a very sharp line always, 
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and I have to thank Prof. Schafer for pointing out to me that the 
meniscus was sufficient to intercept the light. The clock makes one 
revolution in 12 hours, and by means of the cord passing round its 
driving pulley and the coned wheel (Y) various rates of movement 
of the paper can be employed; the speed generally employed was 
a movement of 6 mm. of paper past the slit in one hour. A projection 
on the hour axis of the clock causes the lever (C) to be raised once | 
in every hour for a period of time sufficient to allow of a full 
exposure of the paper and so both mark the time and form a base 
line for measurement of the curves obtained. The membrane-covered 
ends of the osmometers either dip into a measured amount (300 c.c.) 
_ of the less dense fluid, or are fixed into vessels of the form shown at 
(D) in the figure, being fitted in with a caoutchouc cork; these 
vessels allow of a continuous change of the less dense fluid when 
connected by their inlet tubes with some vessel containing a supply, 
or they may be used to observe the effect of a gas upon the membrane, 
the fluid in them being saturated and the space between its surface 
and the cork being filled with the same gas, one of the tubes passing 
into the vessel being connected with a large vessel containing a supply. 
The membranes were supported on ebonite supports when the ordinary 
vessels were used; when the vessel shown at (D) was employed, a 
piece of Roy’s membrane, which when used alone gives very constant 
results, was tied on over the experimental membrane. The capacity _ 
of the osmometers used in this apparatus was 8'275 c.c., the area of 
the lower aperture 95 sq. mm., diameter of recording tubes 35 mm.; 
a rise of 1 mm. indicated an introduction of 9 cubic mm. of fluid into 
the osmometer. (Tracings 6 to 12, Plate X., are reproduced } natural 
size; thus in these 4 mm. rise = 9 cubic mm.) The pairs were tested 
as described above with Roy’s membrane or collodion film. — 

The second form of recording apparatus is the Differential Record- 
ing Osmometer shown in fig. 3 a and b, Plate VIII. 

To the pointer of the balance (Dutch system) is attached a light 
horizontal brass wire, projecting forwards and having a forked extremity 
bent downwards. At the front of the base board of the balance is set 
a slender vertical spindle which at its lower bearing, after passing 
through a collar, rests on a polished steel plate. Rigidly attached 
to this spindle at its lower part, is a brass wire, passing horizontally 
backwards between the prongs of the fork in connection with the 
pointer of the balance. Any lateral movement of the pointer thus 
causes a rotation of the vertical spindle, and the amount of rotation © 
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consequent upon any given deflection can be increased or diminished 
by sliding the bed bearing the spindle to or from the pillar of the 
balance, slots and screws being provided for this purpose. On the 
spindle is a piece of pith capable of rotation, elevation, and depression ; 
the anterior surface of this piece of pith bears an ordinary galvanometer 
mirror (M). At a distance of 37 centimetres from the mirror is fixed 
a camera (C) with a horizontal slit in the front board, above which 
is placed a millimetre scale. The internal construction of this camera 
is very similar to that described in connection with the first recording 
instrument. A roll of sensitive paper (Morgan and Kidd’s bromide 
paper), 14 ft. long by 44 in. wide, is made to pass behind the slit 
by the action of a clock, the paper being kept strained by a check 
weight. Behind the camera is placed either a paraffine lamp or gas 
jet, the light from which is screened except in front where it passes 
through a horizontal internally blackened tube bearing a vertical slit 
(S) at its extremity. The light after falling on the mirror (JM) is 
reflected on to the slit and scale of the camera, the arrangement 
being similar to that used in the reflecting galvanometer. | 

Deflection of the balance thus causes rotation of the vertical 
spindle and consequent excursion of the reflected image of the 
slit, upon the scale and slit of the camera. The deflections of the 
image of the slit on the scale are proportional to the tangents of 
the angles of deflection of the beam of the balance and consequently 
to the weights in the pans. A lens not shown in the figure brings 
the spot of light to a focus on the scale. 

In the pans of the balance are placed two small vessels (V) 
partially filled with olive oil and made to balance one another. 
Behind the pans are fixed a pair of discharging osmometers so that 
the oil discharged passes into the small vessels in the pans. It will 
be evident from the above description that, if equal amounts of oil 
are discharged by the two osmometers into the vessels in the pans, 
in a@ given time, the pointer of the balance and consequently the 
spot of light will remain at zero. If however, for example, the left 
osmometer discharges more than the right the pointer of the balance 
will move to the right and the spot of light to the left on the 
scale, and since the deflections of the spot of light are proportional 
to the weights, it is possible to determine by the deflection how 
much more oil has passed out of the left than out of the right 
osmometer, the deflection proportional to any given weight having 
been previously determined by experiment. The osmometers figured 
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were made double in order that the surface of membrane exposed 
might be increased if necessary in cases where only small pieces 
can be obtained, as in the case of the gastric mucous membrane of 
the frog ; as a rule however the instrument was found to be sufficiently 
sensitive when only one of the two lower apertures of the osmometer 
was made use of, the other being closed with a paraffined cork. The 
degree of sensitiveness employed in practice was that giving a deflec- 
tion of 13 mm. on the scale with each centigramme of difference of 
weight between the pans. The rate of movement of the paper in the 
camera was 11°5 mm. per hour. A thread soaked in oil was tied to 
the discharging tube of each osmometer and dipped below the surface 
‘of the oil in the small vessels to allow a continuous pasage of oil 
from the osmometers into the vessels. The time was marked in this 
apparatus by a method very similar to that described in the first 
instrument; a fixed mirror (K) reflected part of the light passing 
through the slit in the tube on to the slit in the camera; this light 
was prevented from entering the camera by a small piece of cardboard 
(LZ); once in every hour however the lever in connection with the hour 
axis of the clock causes the cardboard to be withdrawn so that the 
photographic paper is exposed and a black dot marking the hour 
appears on development. 

By rotating the pith bearing the mirror on the spindle, the zero 
of the instrument can be set at various parts of the scale, an advantage 
when one only has 44 inches of paper for recording purposes. The 
pair of discharging osmometers selected for use with this instrument 
gave, when covered with collodion film and filled with 5°/, glucose 
solution in water, a deflection of only one millimetre in 24 hrs., the 
line traced being almost parallel to the base line marked by the 
time tracing. Both the above recording instruments were worked 
in a room lighted by non-actinic light. ) 

The osmograph of Carlet’ is not adapted for use with small pieces 
of membrane; in this instrument moreover the record is taken upon a 
smoked surface upon which in my hands the records of slow processes, 
as, for instance, rigor mortis, have not been all that could be desired. 

Regnard’ has recently described and figured a Diffusiograph for 
use with the cecum of the sheep as a fixed membrane; in this instru- 
ment the outflow of fluid introduced by osmosis is made to raise mercury 


1 Comptes Rendus de lV’ Acad. des Sciences, t. uxxv1., 1875. 
2 Comptes Rendus de la Société de Biologie, Jan. 11, 1889. | 
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in & manometer provided with float and smoked travelling surface; the 
instrument would not be sensitive enough for the present experiments, 
and the smoked surface is again I think an objection. 


Experiments with the Skin of the Frog. 


Matteucci and Cima’ published in 1845 the results of a series of 
experiments tending to show, that the intensity of the fluid stream 
produced by osmosis, through a membrane freshly removed from the 
body, varies, according to the disposition of the surfaces of the membrane 
relatively to the two fluids used for experiment. The fluids employed 
by these observers were, on one side of the membrane water, on the 
other side, one of the following fluids, cane sugar solution 19° Beaumé, 
white of egg solution 4° B, gum arabic solution 5° B, or alcohol 34° B; 
the membranes employed were the skins of the frog, the eel, and the 
torpedo, 

These membranes were either tied on to the reservoirs of Dutrochet 
osmometers, or were fixed vertically between the two halves of a 
horizontally placed cylindrical vessel, a vertical graduated tube com- 
municating with each half of the apparatus. The membranes were 
supported by perforated metallic plates; the size of the perforations in 
these plates and the area of the surface of membrane exposed are not 
however given in their paper. — 

With fresh frog skin and cane sugar solution 19°B (20°/,), these 
observers noticed a more rapid rise in the column of fluid in the tubes 
of the osmometers in which the external face of the skin was turned 
towards the sugar solution than in the case where the internal face was 
so disposed. The results with gum arabic solution and white of egg 
were of a similar nature. With alcohol however they found that more 
water passed in a given time through the skin towards the alcohol in 
the direction from without inwards than in the direction from within 
outwards, The conclusion arrived at by these authors was that in the 
fresh skin of the frog, the eel, and the torpedo, osmotic transference 
of fluid takes place more easily from within outwards than from without 
inwards. 

Does this condition of affairs exist in the normal living skin, or is it 
the result of changes in the tissues of the skin brought about by the 


1 loc. cit. 
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action of the fluids employed for experiment, by pressure, or by both of 
these agents acting in concert ? % 

Before attempting to give an answer to this question it will be 
necessary to call attention to the following facts : 

(1) The aqueous solutions of sugar, gum arabic, and egg albumin 
used by Matteucci and Cima are rapidly fatal to the vitality of 
tissues removed from the body, judging from their action upon ciliated 
epithelium. At 10°C. I found that the movements of the cilia of cells 
removed from the frog’s esophagus ceased in 4 minutes when the 
preparation was irrigated with the cane sugar solution. In gum arabic 
solution 5°B they continued for 15 minutes, while in white of egg 
solution 4° B cessation of ciliary motion. occurred in about 1 hour. 

(2) Fluids under pressure filter through the skin of the frog more 
easily from within outwards than from without inwards. 

Cima’ caused water at a pressure of 10c.m. of Hg to filter through 
frog’s skin; he found that the volume passing through in 5 minutes 
from within outwards occupied 37 minutes in passing in the reverse 
direction. This easier filtration from within outwards may be due to 
the easier passage of fluid through the cells lining the walls of the 
numerous mucous glands of the skin of the frog, being in the direction 
in which fluid normally passes in the act of secretion by these cells. 

Von Wittich’® notices the same fact and calls attention to the 
separation of the superficial layers of the epidermis which occurs when 
pressure is applied from within outwards; he is of opinion that the 
filtration occurs through the openings of the goblet cells described by 
F. E. Schultze*®, which are said to be concerned in ecdysis. This 
separation of the superficial layers of the epidermis, I have frequently 
_ noticed under a pressure as low as 10 c.m. of water, after a lapse of 
24 hrs., when the skin has not received adequate support. 

_ It occurs more quickly with skin that is stale, or which has been 
immersed in chloroform water or solution of sulphate of strychnia 
(01°/,), than with perfectly fresh skin. Immersion of the fresh skin for 
a minute in 1°/, solution of osmic acid retards the separation under 
pressure of the superficial layers, probably on account of the hardening 
action of the reagent. Pressure from within outwards then disorganises 
the structure of exsected skin of the frog when not supplied with 


1 Mem. dell! Accad. di Torino, x11., 1858, 
3 Arch. f. mik. Anat. Bd. m1. 8. 166, 1867. 
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adequate support, especially when the vitality of such skin has been 
lowered. 

In order to obtain an answer to the question stated above, the 
experiments of Matteucci and Cima with 20°/, cane sugar in water 
were first repeated, and then a series of experiments were made with 
5°/, glucose in normal saline solution and 5 °/, glucose in water, in order 
to compare the action of a solution tending to prolong the vitality — 
of the skin, with that of a solution which abbreviates tissue life. 

In all cases the skin was perfectly fresh, the experiment commencing 
as a rule within 20 minutes of the death of the frog; portions of skin 
from’ corresponding parts of the body were always selected and the 
glucose or cane sugar solutions freshly prepared for each experiment. 
The osmometers were of two patterns made to work accurately in pairs 
by the method already detailed. In the Dutrochet osmometers the © 


_ process of osmosis commenced at a pressure of 10 c.m. of the denser 


fluid, which with 20°/, solution of cane sugar is equal to 8°59 mm. of 
mercury, and with 5°/, solution of glucose in normal saline is equal to 
7°55 mm. of mercury; the measurements of these instruments are given 
in an earlier part of this paper. The other pattern of instrument was 
the discharging osmometer described above; the oil receivers were 
weighed at the commencement and again at thé end of each experi- 
ment, the duration of an experiment being as a rule 24 hrs. With the 
Dutrochet osmometers the rise during the first six hours was generally 
noted and finally the height to which the column of fluid had risen in 
24 hrs.; occasionally the experiment was carried on for 48 hrs. The 
temperature was taken by a pair of thermometers, maximum and 
minimum, selected for use by a thermometer maker. 


Series A. 20 */, Cane Sugar in Water. Dutrochet Osmometers. 


Using cane sugar in 20°/, solution in water, and the Dutrochet 
osmometer, the results, embodied in Table (1), are in the main confirm- 
atory of the statement of Matteucci and Cima, that there is a more 
rapid water stream from within outwards than from without inwards 
through fresh frog’s skin. It is however particularly to be noted in 
experiments IT., IIL, V. and VI. in this Table, that during the earlier 
stages of the process the stream from without inwards is the more rapid 
of the two, while in the later stages the stream from within outwards 
exceeds that in the reverse direction; in experiment I. no difference 
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I, Froa Skin. Dvurrocuet OsmMometer. 
Height of I II III Iv* V VI 
zeroatend of) (q) (b) | (a) (6) | (a) | (@) | @ @ 

Asthr. |—| — 110] 10] 5| 15 | 10 15 | 10 15 
Ondhr. | | 5 | | 80 | 175] 10 

 Srdhr. 14+ -75| —| — | 15] 50 | 295] 1:04! 1-75 | 15 
1161 15 | | — 1 861-10 | ~ — | 80 | | 90 

5th hr. | 2°0| 20 140] 1:75| —| — | 20] 675!) — 

6th hr, | 2°0| 225/45 | 25 | 451] 225 | 75 3-0 

24th hr. | 3°5| 135 | 120 |100/130 140 | 18°75 | 180 | 105 | 15-0 
Temp. | | g°—190. | | —— | 13°15°0 


* In this case the membranes were purposely not supported. 


Fluid in osmometer, 20°/, cane sugar in water. 
Fluid outside osmometer, water, 300 c.c. 

a=Inner surface to cane sugar. b=Outer surface to cane sugar. 
A rise of 1 mm, = 9 cubic mm. of fluid introduced into osmometer. 
Surface area of skin, 95 sq. mm. (ebonite plates). 
Pressure at commencement of experiment 8°59 mm. of Hg. 


could be detected in the rapidity of the rise of the column of fluid 
during the first five hours; while in experiment IV., in which the 
ebonite supports had been purposely removed, the condition of stronger 
water stream from within outwards appeared to hold throughout. This 
last experiment shows well how necessary a support is when the 
Dutrochet osmometer is used without attempting to equalize pressure 
by immersion, for though the area of membrane exposed in experiment 
IV. is greater than that in experiments III. and VI, yet the height to 
which the column of fluid rose in 24 hrs. was nearly the same in all 
three cases, though a quantity of fluid proportional to the surface must 
have passed into the three osmometers. 

The explanation of the fact that the rise of the column of fluid in 
osmometer (a), Experiment IV., is throughout slower than that in 
osmometer (b), is to be found in the absence of support to the 
membrane ; the other experiments in which support is given, show 
that as a rule the passage of water during the earlier stages is easier 
from without inwards than from within outwards; the easier filtration 
and the bagging of the membrane when not supported, which occurs 
when the inner surface of the skin is towards the sugar solution in the 
osmometer, accounts for the exception to the general rule present in 
this experiment. 
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It would appear then that during the first few hours post mortem 
the direction of easier osmotic transference of fluid through the skin of 
the frog is from without inwards, when 20°/, solution of cane sugar in 
water is employed as denser fluid, and water as less dense fluid, and 
when a pressure of upwards of 8°59 mm. of mercury exists against the 
water stream ; this first stage is however succeeded by a second in which 
the direction of easier osmotic transference is the same as that of easier 
filtration, namely from within outwards, 


Series B.. 5°/, Glucose in Normal Saline and in Water. | 
Discharging Osmometers and Dutrochet Osmometers. 


In this series a comparison was made between the action of a 5°/, 
solution of glucose in normal saline and that of a 5°/, solution of glucose 
in water, in order to observe the difference between the action of a fluid 
tending to prolong tissue life and of one tending to accelerate death. 


Taste II. or Frog. Discaaraina Osmometer. Norma SALINE. 


Volume Surface of Volume of 
No.of | Temperature of Duration | skin in con- t of ht of a 
experi- variation in outer | of experi-| tact with re- oil re- entering 0s- 
ment. Cc. vessel in| ment. | glucose solu-| ceiver in | ceiver in mometer 
tion. grms. | cubic mm. 


11°—13° 
11°5°—12°5° 
10°—12° 


I 94 hrs §| (4) Inner | 5°6275 | 5°7815 | -1540 182-798 
II 

IV. | 10°5°—12°5° 

Vv 

VI 


300 
300 | 24hrs ‘ 
300 | 24hrs 
300 | 24 hrs (2) | 5:8510 | 6-0080 | -1570 | 186-859 

300 

300 


24 hrs } (a) Inner | 5°8275 | 59565 | -1290 | 153-123 
24 hrs } (a) Inner 5°7325 5°8710 | +1385 164°3995 


egeee2e 


11°—12° 


Fluid in osmometer, 5 °/, glucose in normal saline. 

Fluid outside osmometer, normal saline. 

‘01 gramme, Olive oil = 11°87 cubic mm, 

Average amount of normal saline passed through skin (95 sq. mm.) in 24 hrs, 
(a) From without inwards 174-093 cubic mm. 
(b) From within outwards 79°035 cubic mm. 
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IIT, or Froc. DiscHarcine OsMoMErTER. WATER. 


1 2 3 4 5 6 7 8 § 10 
Area of | Volume | -weigns | of 
ment. C. egg ment. | glucose solu- | ceiver in | ceiver in | in'oyms, 
Cc, grammes. | grammes. cubic mm. 
a) Inner | 5°7930 | 5°8790 | -0860 | 102-082 
a) 5: 7 91-1899 
TI | 9—11-5° | 95 | 3800 | 24hrs | | | 
a) Inner | 5° f 537 
Ill 11°—12-5° 95 300  24hrs b) Outer 5-7180 ons 84°8705 
(a) Inner | 5° 9 1 125°822 
IV 10°—11° 95 300 | 24hrs (b) Outer 58170 5 137°0985 
(a) Inner | 5: 5° 30 | 62-911 
| | 800 | hrs (0) Outer | 6-845 | | 0810 | 96-147 
vi | 95 300 24 hrs Inner | 5°8620 | 5°9210 | -0590 | 70°033 


Fluid in osmometer, 5°/, glucose in water. 

Fluid outside osmometer, distilled water. 

01 gramme, Olive oil= 11°87 cubic mm. 

Average amount of water passed through skin (95 sq. mm.) in 24 hrs, 
(a) From without inwards 85°420 cubic mm. 
(6) From within outwards 93°711 cubic mm. 


The experiments included in Tables (2) and (3) were made with a 
pair of discharging osmometers, in which the pressure is maintained 
constant. This method while it gives the net result of the process 
when pressure is constant, gives no indication of any variation, occurring 
from time to time, in the rapidity of passage of fluid into the osmometer, 

By reference to columns 9 and 10 in these Tables, it will be seen 
that when the experiment is made with solutions tending to destroy 
tissue life, viz. water and watery solution of glucose (Table 3), the fluid 
stream in 24 hrs. from within outwards through fresh frog’s skin, is as a 
rule greater than that from without inwards. If however the solution 
tend to prolong the vitality of the skin, as is the case when the glucose 
is dissolved in normal saline and normal saline used as less dense fluid 
(Table 2), then the stream from without inwards exceeds that in the 
reverse direction. It is to be noted also that in 24 hrs. the average 

amount of fluid passing through the fresh skin is greater when that 
- fluid is normal saline than when it is water. The fresh and living skin 
is then more permeable than the dying skin, but as will be noticed later 
this period of diminished permeability is followed by a state in which 
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the stale skin becomes more permeable than the fresh. Englemann’ 
in his experiments upon the electro-osmotic permeability of various 
substances has also noticed that skin kept some days is more permeable 
than that freshly removed. 

It is also of importance to note that, 

(1) From without inwards the fresh skin is more permeable by 
normal saline than by water. 

The average number of cubic millimetres of normal saline and water 
passing in 24 hrs. for this position being, : 


Normal saline Water 
174093. 85-420. 


(2) From within outwards the skin is more permeable by 
water than by normal saline, the average number of cubic millimetres _ 
of normal saline and water passing in 24 hrs. for this position being, 


Normal saline Water 
79-035. 93-711. 


Tracings 2 and 3, Plate IX., are illustrative of this point. 

Differences in the amounts of fluid passing in 24 hrs. through the 
skins of different individuals are also noticeable, and cannot be explained 
by variations of temperature alone. With the fresh skin of frogs which 
are in an enfeebled condition at the end of the breeding season, the 
difference between the amounts of fluid passing in the two directions, 
viz. from without inwards and from within outwards, is not so great as 
in the case of the skin of a vigorous animal. As will be noticed later 
the same condition is found to exist when fresh is compared with stale 
skin. 

At constant pressure then, where error from filtration is excluded, 
and where solutions are employed which do not rapidly kill the tissues 
of the exsected skin, the direction of easier osmotic transference of fluid 
is found to be from without inwards. The substitution of water for 
normal saline as a solvent of the glucose, as a rule reverses this state of 
affairs, because the water kills the tissues of the skin with rapidity, and 
as will be shown later the direction of easier osmotic transference of fluid 
through dead skin is in the direction of easier filtration, namely from 
within outwards. Cases occur however such as I. and II. in Table (3), 
where with watery solution of glucose the easier passage is in the same 
direction as with the solution in normal saline, In these cases however 


1 loc. cit. 
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it is noticeable that the volumes of fluid passing in the two directions, 
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from without inwards and from within outwards respectively, approach 
nearer in magnitude than is ever the case when the fluids are normal 
saline and solution of glucose in normal saline, and the vigour of the 
tissues of the skin consequently less impaired. In such cases (I. and II. 
Table (3)) I imagine that the vitality of the tissues of the skin is great, 
and in 24 hrs. their death has not been accomplished, though life is at 
alow ebb. A few experiments made with the Dutrochet osmometer 
with watery solution of glucose and the skin in the two positions, showed 
sometimes a quicker rise of the column of fluid in the osmometer in 
which the inner surface of the skin faced the glucose solution, during 
the first few hours, while by 24 hrs. the heights of the columns were 
nearly the same; but in all cases by 48 hrs. the height of the column 
in the case where outer surface of skin was towards glucose, was greater 
than that in the other tube, in which inner surface was towards glucose. 


TaBLE IV. Froa Skin. DutrocnHet OsmMoMeETER. 


eight of co-| IV Vv VI 
| —A— | —~— | | —~ | —— | —— 

Isthr. | 25 | — | — | 10 | | 76) | -26 

Qndhr. | 15 | 25+) 5 | 1-75) | -25/16 | 1:25] 5+ 

| 25 | | 5 | — | — 130 | 20 | -75 

4thhr, | ‘75 [1:0 | -75| 385 | 15 | 25 | -75| 80 | 154/25 | 10 

Sthhr. | 85 | — | — | 50 [1-75 | — | — | 35 | 20 | 8-0-| 1-25 

Gthhr, | 35+| 125 | 15 [10 | 55 | 20 | 85-| 1:25) — | — | 3-75 | 15 
Mthhr. | 50 [45 [40 |65 (140 |70 | 40 | — | — 85 | 70 

| 8°—11-5°C. | 9—11°C. | 8°—10°C, 

* Feeble frog. 


Fluid in osmometer, 5 °/, glucose in normal saline. 
Fluid outside osmometer, normal saline 300 c.c. 
Surface area of skin 95sq.mm. (Ebonite plates.) 
Pressure at commencement of experiment 7°55 mm. Hg. 
(a) = Inner surface to glucose solution. 
(b) = Outer surface to glucose solution. 
A rise of 1 mm.=9 cubic mm. of fluid introduced into osmometer. 


In Table (4) are recorded experiments with fresh frog skin, using 
Dutrochet osmometers, when 5 °/, glucose in normal saline is bio 63 ia 
at a pressure of 7°55 mm. of mercury. 


PH. XI. 23 
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The precautions detailed at the commencement of the paper were 
adopted throughout. 

In all cases it is seen that the direction of easier passage of fluid is 
from without inwards, the same condition as was observed in the experi- 
ments with the same fluids at constant pressure (Table 2). The average 
amount of normal saline passing from without inwards through the skin 
in 24 hrs. is 69°3 cubic mm., as against 60°3 cubic mm. passing in the 
reverse direction. That the numbers obtained by this method approach 
one another in magnitude so much more nearly than is the case when 
the experiment is conducted at zero pressure, is due to the fact that — 
more fluid is lost by filtration at the pressure of 7°5 mm. of mercury, 
when the inner surface of the skin is towards the glucose solutions, than 
when the outer surface is so disposed, for filtration from within outwards 
occurs more easily than from without inwards. 

The normal direction of easier osmotic transference of fluid through 
the living skin of the frog must then be considered to be from without 
inwards, while filtration under pressure takes place with greater ease in 
the reverse direction. 

The fact noticed above that from within outwards the fresh skin is 
more easily traversed by water, a reagent destructive of tissue life, while 
from without inwards it is more permeable by normal saline, a reagent 
tending to prolong the vitality of tissues removed from the circulation, 
| led me to think that some directive force is present in some tissue of 
j the living skin of the frog tending to promote the passage of fluids from 
1 without inwards, of a nature similar to the secretive force exerted by 

| the cells of a gland, by virtue of which the secretion is produced at a 
pressure greater than that of the blood. : 

If such an absorptive force dependent upon tissue life acted in a 
direction from without inwards, depression of vitality would tend to 
slow the passage of fluid from without inwards, but if the fluid be 
passing from within outwards, the same depression of vitality would, by 
lessening an opposing force, tend to quicken the ordinary osmotic 
Hi stream. Such a condition of affairs occurs when watery solution of 
q glucose is substituted for the solution in normal saline. The differences 
observed between the volumes of fluid passing in a given time through 
the skins of vigorous and of feeble frogs strengthened this conception, 
and it will be remembered that Cazeneuve and Livon’ in their 
experiments with dialysis of urea through the wall of the bladder 
noticed differences of a somewhat similar nature. 


1 loc. cit. 
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same frog and in which a pressure existed against the osmotic stream 
would be more conclusive, I made the experiments recorded in Tables © 


5 and 6. | | 
Taste V. Skin. OsMOMETER. 
Inner surface of skin to glucose. 
Height of I II Ill 
to) —— | 
zero at end of x y x y x y “ y x y 

Ist hr "25 5 5-| — — 75 5 10 "75 

2nd hr 1-25 5 10 | 104 75 | 1°75 | 1-25 

3rd hr 1°5 1-0 1°25 5 1°5 1-0 25 | 15 

4th hr. 20+ | 10 1-75 | 10+) 15> 56+) — — 

5th hr. 2°5 10+) 2-0 1°25 15+); ‘75 | 20 1-25 | 3:0 
24th hr 8-0 40 8-0 50 6°25 | 4:0 6°75 | 3°25 | 50 | 3°25 
| 8:5°—10-5° 9—11-5° | 10°—11:5° | 12°—13° 
Fluid in osmometer x, 5°/, glucose in normal saline. 
Fluid in osmometer y, 5°/, glucose in water. 
Surface area of skin, 95sq. mm, (Ebonite plates.) 
A rise of 1mm. = 9 cubic mm. of fluid introduced into osmometer. 
Pressure at commencement 2 = 7°55 mm. Hg. 
y = 7°52 mm. Hg. 
TaBLE VI. Skin. Dutrocnuet OsMoMeETER. 
Outer surface of skin to glucose. 

Height I IV Vv 
zero at end of y y £ y 

lst hr 0 10 25 5 0 1-0 0 "75 + 15 

2nd hr 0 2-0 25 75 0 1:25 | -25 | 1°25 5 2-0 

3rd hr | 26 5 1-0 0 1:75 | -25+| 20 “75 | 25 

4th hr 0 2-0 5+ | 275 | 1:0 2°5+ 

5th hr ‘75 | 3°25 "75 | 1°25 — — |10 3°5 an wi 

6th hr. 10+] 3°5 75 | 15 25 | 25 {16 3°75 | 1°25 | 3-0 

24th hr. 60 | 60 1°75 | 25 6:0 65 | 65 725 | 2:75 | 55 

9°—11° 10°—12° 9°—119 g°_119 


* By y=130 


Fluid in osmometer x, 5°/, glucose in normal saline. 
Fiuid in osmometer y, 5°/) glucose in water. | 
Surface area of skin, 95sq.mm. (Ebonite plates.) 
A rise of 1 mm, = 9 cubic mm. of fluid introduced into osmometer. 
Pressure at commencement += 7°55mm, Hg. 
y = 752mm, Hg. 
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In Table (5) where a solution of glucose in normal saline is used, 
the average rise in 24 hrs. is 68 mm., when the inner surface of the 
skin is towards the glucose solution; when however, the skin being in 
the same position, the solution of glucose is made with water, the 
average rise is only 39 mm. 

Reversing the position of the skin (Table 6) so that the outer surface 
is towards the solution of glucose, it is found, that where normal saline 
is used, the rise in 24 hrs. is, on an average, 4°51 mm., as against 5°28 
mm., when a watery solution is employed. 

The contrast is even better demonstrated during the earlier stages 
of each experiment. Thus if reference be made to the height of the 
columns of fluid in the two osmometers at the 5th or 6th hour of the 
experiment, it will be seen that the differences are more marked than 


at the 24th hour. This one would naturally expect to be the case if the 


difference be dependent upon some form of protoplasmic activity, an 
activity continually on the wane in the tissue serine from the 
circulation. 


Series C. Experiments at various periods post mortem. 
Discharging Osmometers. 5°/, Glucose in Normal Saline. 


In these experiments the process of death of the tissues of the skin 
was observed more closely, in the hopes of finding the point at which 
this apparent directive force present in the living skin ceases to exist. 


‘For this purpose the skins of the largest frogs that could be obtained 


were kept in normal saline solution for various lengths of time after the 
death of the animal; portions from corresponding parts of the body 
were then fixed on to a pair of discharging osmometers, the inner 
surface of the skin facing the glucose solution in one instrument while 
in the other the outer surface was so arranged. 

Since in the skin kept in normal saline a separation of the super- 
ficial layers of the epidermis takes place after a lapse of about 72 hrs., it 
was considered advisable to first determine the effect, upon the pheno- 
mena of osmotic transference of fluid through the skin, of the removal 
of these layers from the fresh skin. For this purpose, the outer surface 
of the skin, after removal, was scraped with a blunt scalpel, and the 
scraped portions tied on to Dutrochet osmometers, in which were 
placed glucose dissolved in either normal saline or water. The amount 
of material removed by the scraping was determined by hardening 
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pieces of the skin in Miiller’s fluid and examining sections with the 
microscope. In all cases only the first and second layer of cells of | 
the epidermis were found to have been removed, the lower layers 
appearing, as regards their structure, to be uninjured. The few 
experiments made are placed in Table 7. | 


TasLE VII, Sorapep Fresa Froe’s Sxin. DutrocHer OsmMoMETER. 


Norman WATER. 
ot 1 2 2 
(a) (d) (a) = (a) () (a) (b) 
1st hr 1°5 5+ | 10 0 75 | 20 5 1°5 
2nd hr 2-0 10° 2°0 1°5 3°25 10 2°5 
3rd hr 2°5 1°25 2°5 5 1°75 4:0 10+ 2°75 
4th hr. 2°75 2°75 75 2°0 425 | 15 
5th hr 30+ | 15 3:0 1:0 — — 1°75 3°5 
6th hr 3°25 1:5 + 2°75 4°75 | 1°75 3°5+ 
24th hr 5°5 4°0 6:0 6-0 70 40 | 60+ 
5°—11°C. 598°C, 8°—12C. | 8:5°—105°C. 


Fluid in osmometer, 5°/, glucose in normal saline or water. 
Fluid outside osmometer, normal saline or water 300 c.c, 
_ (a) = Inner surface to glucose. 
(b) = Outer surface to glucose. 
A rise of 1 mm. = 9 cubic mm, of fluid introduced into osmometer. 
Surface area of skin = 958q.mm. (Ebonite plates.) 
Pressure at commencement of experiment 
if normal saline used 7°55 mm. Hg. 
if water used 7°52 mm. Hg. 


A comparison of the two experiments in this table, in which 
normal saline was used, with those in table (4), shows that the 
removal of the superficial layers of the epidermis has little if any 
effect. With watery solution of glucose however it is to be noted 
that from the very first the fluid stream from within outwards exceeds 
that from without inwards, and to a very marked degree. The expla- 
nation of this fact appears to be as follows: in the first place filtration 
will take place more easily where inner surface is towards the pressure, 
now that the superficial layers have been removed ; in the second place 
by removal of the superficial layers, which are more or less corneous in 
texture, easier access is given for the fluid to the parts beneath. If 
this fluid be one tending to prolong tissue life, this easier admittance 
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will be of little moment, for the duration of life in the more internal 
parts of the skin will not be affected; such is the state of affairs 
where normal saline is used. If on the other hand the fluid be 
a depressant of tissue life, the case when water is used, the removal. 
of the outer corneous layer will, by allowing the water to come in 
contact with the inner parts of the epidermis, speedily bring about 
their death, and if the existence of an easier passage of fluid in the 
direction from without inwards be dependent upon the life of the 
tissues of the skin, the direction of easier osmotic transference will 
no longer be from without inwards, but from within outwards, as is 
the case in dead skin. It will be remembered that in the experiments 
with fresh intact skin with 20°/, aqueous solution of cane sugar, quoted 
in Table 1, an early stage was noted where the direction of easier 
transference of fluid was from without inwards, but that this stage 
was followed by a second, in which the reverse held good; this 
condition was considered to be due to the fact that, during the first 
stage, the skin was capable of holding its own against the depressing 
action of the fluids; when death of the tissues of the skin occurred 
the second stage supervened, namely, an easier transference of fluid 
from within outwards. 

In the ‘sePaped skin when water is employed, no first stage is 
observable, for the destructive agent is able to get at the tissues 
almost immediately and bring about their death. That the effect is 
not due to the mechanical injury of the skin by the scraping, is shown 
by the normal course taken by the experiments with normal saline. 

Having thus determined that, where a normal saline solution of 
glucose is used, the separation of the superficial layers of the epidermis 
may be neglected, I proceeded to study the phenomena of the passage 
of fluid through the frog’s skin at various periods post mortem. For 
this purpose the differential recording osmometer described above was 
employed. In all experiments the skin on the right osmometer was 
placed with its inner surface towards the solution of glucose in normal 
saline contained in the reservoir of the apparatus, while on the left 
osmometer the outer surface was in contact with the glucose solution. 
Any deflection of the spot of light towards the right (time tracing side 
of the record) indicated that more fluid had passed through the skin 
on the right osmometer in the direction from without inwards, than 
through the skin on the left osmometer in the direction from within 
outwards. The surface of skin exposed was 95 sq. mm. and 200 cc. of 
salt solution were placed in the outer vessel belonging to each osmo- 
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meter. With large frogs it was found possible to obtain 4 pairs of 
pieces of skin of the area used: Thus by removing the skin from a 
large frog and placing it in normal saline, experiments with parts of 
the skin of the same animal could be conducted as four separate 
periods post mortem. 

At the degree of sensitiveness at which the apparatus was worked, 
a deflection of 1 mm. towards the time tracing indicated that ‘91 
cubic mm. more fluid had passed through the skin on the right 
osmometer where the inner surface was towards the glucose solution, 
than through the skin on the left osmometer where the outer surface 
was towards the glucose solution. In other words a deflection of 
1 mm. towards the time tracing indicated that ‘91 cub. mm. more 
fluid had passed from without inwards than from within outwards; 
the same deflection away from the time tracing of course indicates 
the reverse of this. Experimenting in this manner, it was found 
that the longer the period that had elapsed since the death of 
the animal, the smaller was the number representing the excess 
of the quantity of fluid passing from without inwards over that 
passing from within outwards, until a stage was reached at which 
the amount passing in the two directions was the same. Up to 
this stage the amount of fluid passing from without inwards was 
always greater than the amount passing from within outwards; but 
after the stage at which equality was established, a third period 
commenced in which the amount passing from within outwards was 
in excess of that passing from without inwards, and again the longer 
the time which had elapsed since the stage of equality, the greater 
was the number representing the excess of the quantity of fluid passing 
from within outwards over that passing in the reverse direction. 
Thus in the exsected skin three periods keg mortem can be dis- 
tinguished. 

A first period during which the quantity of fluid passing in the 
direction from without inwards is in excess of the quantity passing 
from within outwards. As time passes during this period, the quan- 
tities passing in the two directions gradually approach one another in 
magnitude until the second period is reached. 

During the second period the differential instrument traces a 
straight line, for equal amounts of fluid are passing into the osmometers 
discharging into the two sides of the balance. 

In the third period the quantity of fluid passing from within 
outwards is in excess of the quantity passing from without inwards, 
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and the number representing this excess increases with the lapse 
of time post mortem. 

As regards the time of advent and demain of these periods, it 
was found that there was a distinct connection between the vital 


condition of the skin and the duration of the first period and advent 


of the second. With the skin of a vigorous animal the first period 
may continue till 70 to 80 hrs. post mortem when the skin has been 
kept in normal saline after removal. With the skin of frogs enfeebled 
at the end of the breeding season, or when the skin is kept at a 
temperature of 25° to 30° C., its duration may be as short as till 


24 hrs. post mortem. Again if the exsected skin be kept in a 


solution of glucose in normal saline, instead of in normal saline, the 
duration of the first period will be shortened. 

The second period is always of short duration, indeed it represents 
merely the transition from the state of affairs existing in the first 
period to that in the third; its duration is also associated with the 
vigorous or feeble condition of the animal. In the skin of a vigorous 
animal kept in normal saline, it may last for 4 or 5 hours, while 
any influences tending to lessen the vitality of the tissues will cut it 
down to about an hour. | 

The third period I have followed till 125 hours post mortem, 
when I still found that the permeability of the skin from within 
outwards was on the increase. : 

The experiments were conducted at temperatures varying from 


8—13° C. 


Tracing 4, Plate 1X., illustrates the above points. 

Tracing 5, Plate [X., was taken with 190 sq. mm. of skin, instead of 
95 sq. mm. as is the case in the other records; it shows the end of the 
first stage, the second, and the commencement of the third. 

Referring back to the results embodied in Table 3, it will be 
seen that the effect of treating the skin with a watery solution of 
glucose is to produce a condition of easier osmotic transference of 
fluid from within outwards than in the reverse direction. The experi- 
ments just detailed show that a similar effect can be produced by 
allowing the skin to remain about 3 days in normal saline before 
employment for experiment. Watery solution of glucose then merely 
brings on more quickly a change which will occur if the tissues of the 
skin be left to die in normal saline, this change being the loss of the 
function of the skin of the frog by virtue of which an easier passage 
of fluid from without inwards than from within outwards is effected. 
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Turning now to post mortem variations in the permeability of the 
skin in the direction from without inwards, it was found when corre- 
sponding parts of the skin of the same animal were used for experiment, 
that two stages could be distinguished after removal of the skin from 
the body. During the first stage, lasting some 24 hrs. post mortem, the 
fresh skin was found to be more permeable from without inwards than 
the stale skin; this stage was however succeeded by a second in which 
the reverse obtained. The same condition may be observed when the 
permeability of fresh skin to normal saline and to water respectively is 
tested; at first the skin is more permeable to normal saline than to 
water in the direction from without inwards; if however the experiment 
be prolonged or especially if the temperature be high, a second stage 
occurs during which the skin is more permeable to water than to 
normal saline. When however the degrees of permeability in the 
direction from. within outwards are examined at various times post 
mortem, it is found that from the time of removal of the skin from the 
animal the permeability in this direction increases, slowly at first, but 
more rapidly as time passes. 

Experiments illustrative of these facts are placed in Tables 8 and 9. 


Taste VIII, Skin or Froa. Fresu v. State, DiscHarcinc OsmomETER. 


Inner surface to glucose solution. 


T Area of | of | 
Number of | | skin in of oil in | entering osmo- 
MM. | grammes. | meter in cubie 
(}In 2hrs| -010 11:87 
Fresh | In 24hrs | -1010 | 119-887 
I | 95 | 300 (| In 2hrs; 0 0 
stale In24hrs| | 58-415 
Freeh} | “0190 22553 
}| In 24 hrs | -1205 | 143-0335 
Il 177—19° | 95 | 300 hrs stale 22.2 hrs| | 
3 | 3 hrs stale In 24hrs  °1180 | 140-066 
{ 
Fresh 
18°21 | 95 | 300 
22 hrs stale 1, 24 hrs | +2905 | 344-8235 
In 21 149-9685 
IV | 18:5°—20°| 95 | 300 In Shrs| -0545 | 64-6915 
24 hrs stale In 21 hrs | 1680 | 199-416 
Fluid in osmometer, 5 °/, glucose in normal saline. 


Fluid outside osmometer, normal saline. 
+01 gramme olive oil = 11°87 cubic mm. 


A 
4 
vig 
% 
4 
2 
> 
F 


| 

| 


338 E. WAYMOUTH REID. 


IX. Sxin or Froc. Fresn v. State. DiscHarcinc Osmomeren. 
: | Outer surface to glucose solution. 


Number of A ot | Volume of Discharge 
um 0 
versal inc. meter in cubic 
Fresh Shrs| 13-057 
I 95 | 800 In 24 hrs | -0710 84:277 
3 hre stale 12 .3hrs| °0190 | 22: 
© In 24hrs | -0990 | 117518 
In 24 ‘ 
3 hre stale 12 Shrs| -O110 13-057 
| | In 24 hrs 113-952 
Fresh_ 
Il 18°—20° | 95 | 300 | In * hrs 1000 122-261 
24 hrs stale tn 94 hrs | +1875 | 168-2125 
Fresh In 2hrs| ‘0050 5°935 
IV 18°5°—21° | 95 | 300 | In24hrs | -0900 | 106-83 
| 24 hrs stale 12 2hrs| 18-992 
© In24hrs | -1230 | 146-001 


Fluid in osmometer, 5°/, glucose in normal saline. 
Fluid outside osmometer, normal saline. 


01 gramme olive oil = 11°87 cubic mm. - 


While then in the direction from without inwards a stage exists, 
immediately after the death of the animal and lasting some 24 hrs., 
during which the skin is more permeable than skin which has been 
removed for more than 24 hrs. and kept in normal saline solution, in 
the opposite direction, i.e. from within outwards, no such condition is 
observed; in the latter case, with the lapse of time post mortem, 
permeability increases, and no first stage of diminution of permeability 
appears to exist. 

If the above facts be considered in conjunction with those observed 
when contrasting the permeability of the skin in the two directions at 
various periods post mortem, it will be seen that during the time I have 
called the first period, permeability from within outwards must increase 
faster than permeability from without inwards, and must finally, in the 
third period, outstrip it altogether ; for it has been seen that the amounts 
of fluid passing through the skin in the two directions gradually 
approach one another in magnitude, until during the second period 


they are equal, while in the third the direction of easier osmotic 


transference of fluid is the reverse of that which is observed in the 


living and fresh skin. 
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During the first 24 hrs. or so of the first period the marked excess of 
the amount of fluid passing from without inwards over that passing 
from within outwards, must, one would think, have its causation in — 
some form of protoplasmic activity, for as will be seen in the next 
section, the amount of fluid passing from without inwards through the 
fresh and living skin can be increased by the action of a stimulant. A 
stage next occurs during which permeability from without inwards is 
diminished, while in the opposite direction it is steadily increasing, and 
the flattening of the curve traced by the differential instrument at this 
stage is an indication of this condition, vide (b) Tracing 4, Plate IX. 
So far it would appear that the permeability of the skin has been 
associated with some active force acting from without inwards, such 
force being against the osmotic stream when the fluid is passing 
from within outwards. After this stage in the first period, the increase 
of permeability would appear to be a matter of post mortem alteration 
of tissue, and, as one would expect, the greater permeability in the di- 
rection of easier filtration, which up to this time has been masked by 
protoplasmic action, now comes into play, and the amount of fluid 
passing from within outwards after gradually gaining on the amount 
passing from without inwards, at first balances it in the second period, 
- whilst in the third it is in excess. | 

This latter series of experiments was conducted at temperatures 
varying from 17—21°C., and consequently death of the tissues of the 
exsected skin must have occurred more quickly than in those in the first 
part of this section, where the temperature variation was but 8°—13°C. ; 
thus it is possible that a change in the direction of easier deinotie 
transfer occurring at 72 hrs. post mortem at the lower, may have taken 
place by 24 hrs. at the higher — if such change were 
dependent upon tissue life. 


Series D. Action of Stumulants and Depressants. 


The natural course to have followed at this stage of the investigation 
would have been to have observed the effect of removal of the epidermis 
in toto upon the phenomena of osmotic transference of fluid through the 
living skin. Total removal of the epidermis of the skin of the frog is 
however not practicable without disorganising its structure to such an 
extent that it is useless for experiment. It was therefore decided to 
observe the action of a depressant and a stimulant upon the passage of 
fluid through the living skin. 
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The action of water has already been referred to at some length, an 
action which must be considered to be depressant in nature, and not 
the result of the occurrence of water rigor; for if one supposed the 
diminution in the amount of fluid passing from without inwards, when 
water is substituted for normal saline, to be due to rigor of the tissues 
and consequent decrease of permeability, the same hypothesis would 
not hold good when the osmotic stream is made to pass from within © 
outwards, in which direction the stream of water exceeds that of normal 
saline. | 

If the addition of a reagent which depresses tissue life, to the fluids 
used for experiment, is capable of diminishing the amount of fluid 
passing from without inwards through the living skin, while one of a 
stimulating nature causes augmentation, then it is at least probable 
that we are dealing with some force in addition to osmosis, and which 
is dependent upon the activity of the protoplasm of the tissues of the 
skin. 

In the experiments in this series normal saline and 5 °/, glucose in 
normal saline were used as fluids, the reagent being added to the same 
amount to the fluid in the osmometer, and the fluid in the outer vessel. 
The osmometers were in pairs, one being used to observe the effect of 
the addition of the stimulant or depressant, while the other served as a 
control. To avoid physical error the solutions were tested in a pair of 
osmometers covered by boiled egg-shell membrane to ascertain whether 
the addition of the reagents to the amount used in the experiments 
influenced the process of osmosis through a dead membrane. 

The first reagent whose action was tested was morphia bimeconate 
added to the extent of -1°/, to the solutions. No effect on the trans- 
ference of fluid through the skin was observed, the amount of oil 
discharged by a pair of discharging osmometers and the height to 
which the columns of fluid rose in a pair of Dutrochet osmometers 
being the same. ; 

Electrical stimulation was next tried, a platinum electrode being 
fused through the wall of the osmometer and another being placed in 
the outer vessel. An inductorium with Helmholtz modification, and 
whose current was reversed every five minutes, was employed, a Daniell 
cell being in the primary circuit. Though the current was reversed as 
frequently as stated I could not convince myself of freedom from error 
due to kataphoric action and consequently abandoned this method. 

Chloroform was next employed for experiment. In the first experi- 
ments which were made with Dutrochet osmometers without support 
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to the membrane, it appeared that for some hours all osmotic trans- 
ference of fluid through the skin was stopped when chloroform was 
added to the fluids, by shaking and subsequent filtration. Subsequent — 
experiments by better methods have shown me that I was in error to 
e . - some extent, from the occurrence of bagging of the skin under pressure. 
: By employing discharging osmometers, or even Dutrochet osmo- 
. meters if the skin be well supported, it is seen that if the skin be 
placed with its inner surface towards the glucose solution the addition 
of chloroform causes a diminution in the amount of fluid passing in a 
given time from without inwards, though never an actual cessation of 
osmotic transference of fluid. 3 
The chloroform was well shaken with the solution of glucose in 
normal saline, and the fluid after filtration introduced into a discharging 
osmometer ; the normal saline solution in the outer vessel was prepared 
in a similar manner, a globule of chloroform being allowed to remain at 
the bottom of the vessel. In the control osmometer was placed some of 
the same solution of glucose but without the addition of chloroform, 


TasBLe X. Skin oF Frog. DiscHarainc OsmomeTerR. ACTION OF CHLOROFORM. 


Inner surface of skin towards glucose solution. 


l | 2 3 4 5 . hohe 7 8 9 10 
Volume IT Volume of 
No. of Area of ration Weight saline 
ment. essel in| ment. ceiver in | ceiver in | | mometer in 
gram cubic mm. 

No chloroform | 5°7300 | 5°8500 | -1200 | 142-44 

hrs } Chloroform 5:5165 | 56065 | -0900 | 106-83 

No chloroform | 5°3430 | 5°5150 | -17 204-164 

| | hrs } Chloroform | 56590 | 5:7300 | -O710 | 94-277 
No chloroform | 5°8590 | 5°9625 | -1 122°8545 
| | 9 | 900 | hrs Chloroform 56070 | 5:7135 | -1065 | 126-4155 

2 No chloroform | 5°4950 | 5°6550 | -1 189°92 

TV. | | hrs } Chloroform | 54620 | 55640 | -1020 | 121-074 

No chloroform | 5°7060 | 5°8440 -1380 | 163-806 
V. | 16°18 | 95 | 800 | 24hrs}! 57590 | 58475 “0955 | 118°8585 


saline. 
Fluid outside osmometer, normal saline + chloroform or normal saline. 


Average amount of normal saline passed through skin (95 sq. mm.) in 24 hrs, 
No chloroform in normal saline, 164-6569 cubic mm. 


Chloroform in normal saline, 110°391 cubic mm. 


Fluid in osmometer, 5°/, glucose in normal saline + chloroform or 5°/, glucose in normal 


‘01 gramme olive oil=11°87 cubic mm. 
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Outer surface of skin towards glucose solution. 


Tanne XI. Sxin or Frog. Discuarcing Osmomerer, AcTIOoN of CHLOROFORM. 


l 2 3 4 5 6 7 8 9 10 
Area | Volume Initial Terminal | Weight | Volume of 
C. ment. ceiver in | ceiver in in 
in ¢.c. grms. | in cubic mm. 
: No chloroform | 5°5630 | 5-6325 | -0695 | 82-4965 
I | 15°5°-18° | 95 | 300 | 24 hrs | Chloroform | 5°8125 |"5-9585 | -1460 | 173-302 
No chloroform)! 5°7915 | 5°8655 | -0740 | 87-838 
Tl | 16°—18° | 95 | 300 | 24 brs } Chloroform | 5:3860 | 5-5440-| -1580 | 187-546 
} No chloroform | 5°6380 | 5°7005 | -0625 | 74-1875 
TIT | 17°5°—20° | 95 | 300 | 24 hrs } Chloroform | 5-4800 | 5-6100 | -1300 | 154-31 
No chloroform! 5°5920 | 56415 | -0495 | 58°7565 
TV | 12-14" | 95 | 300 | 34 hrs ) Chloroform | 5°6230 | 5-7310 | -1080 | 128-196 
: No chloroform | 5°8410 | 5-9110 | -0700 | 83-09 
V | 160-30 | 95 | 900 | hrs } Chloroform | 5°7555 | 5-8835 | -1280 | 151-936 


Average amount of normal saline passed through skin (95 sq. mm.) in 24 hrs. 


No chloroform in normal saline, 77°2737 cubic mm. 
Chloroform in normal] saline, 159-058 cubic mm. 
Fluid in osmometer, 5°/, glucose in normal saline + chloroform, or 5°/, glucose in normal 
saline. 
Fluid outside osmometer, normal saline + chloroform or normal saline. 
: ‘01 gramme olive oil = 11-87 cubic mm. 


normal saline being in the outer vessel. Preliminary experiments with 
boiled egg-shell membrane showed that the addition of the chloroform 
had no effect upon the ordinary process of osmosis. - 

A reference to Table 10 shows that where the inner. surface of the 
skin is towards the glucose solution and fluid consequently passing 
from without inwards, the addition of chloroform as a rule causes a 
diminution in the amount of normal saline passed in 24 hrs. the 
average numbers in this table being about 164 cubic mm. through 
95 sq. mm. of skin where no chloroform is present, as against 110 
cubic mm. where chloroform has been added. 

To determine whether this diminution in the quantity of fluid 
passed was due to rigor it was necessary to experiment with pieces of 
skin in which the outer surface was towards the glucose solution and 
fluid consequently passing from within outwards. 

In Table 11 will be found the experiments with the skin placed so 
that the outer surface is towards the glucose solution. In this position 
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it is seen that the addition of chloroform increases the amount of fluid 
passing from within outwards in 24 hrs. On an average during 24 hrs. 
only 77 cubic mm. of normal saline passed from within outwards where 
no chloroform was present in the solutions, while in the cases where 
the reagent had been added 159 cubic mm. passed. 

The addition of chloroform then to the solutions while it diminishes 
the amount of fluid passing through the fresh skin from without 
inwards, augments the stream in the opposite direction. 

The above is the general rule. Exceptions occur however when the 
temperature is high (20° to 28°C.). In these cases the skin tissues die 
more quickly than at lower temperatures and as has been seen above 
the dead skin is more permeable than the living. Thus the diminution 
of permeability present in the earlier stages gives place by 24 hrs, to 
the increase of permeability concurrent with the death of the skin. 
An example of this is seen in Experiment IIT. Table 10. 

Tracings of the action of chloroform are reproduced in numbers 6 
and 7, Plate X. 

Having failed through imperfection of method to obtain reliable 
results by electrical stimulation of the skin, the action of ethyl alcohol 
as a stimulant was tried. 

In the first experiments the reagent was added to the extent of 1°/, 
with results similar to those obtained with chloroform; evidently this 
solution was too strong and acted as a depressant. 

By reducing the alcohol to ‘1°/, however a stimulant action was 
obtained. The results of these experiments are placed in Tables 12 
and 13. 

In Table 12, in the experiments in which the inner surface of the 
skin is placed towards the glucose solution, the addition of alcohol 
to the extent of -1°/, is found to increase the amount of normal saline 
passed through the fresh skin in 24 hrs. the average numbers being 
roughly 175 cubic mm. of normal saline in 24 hrs. when alcohol 
is present as against 110 cubic mm. when it is absent. 

In Table 18, in the experiments in which the outer surface of 
the skin is towards the glucose solution and fluid passing consequently 
from within outwards, it will be seen that addition of alcohol dimi- 
nishes the amount of normal saline passed in 24 hrs. Thus when 
alcohol is present to ‘1 °/,, 58 cubic mm. passed in 24 hrs. through 
95 sq. mm. of skin, on an average, while with normal saline only 
and glucose in normal saline 97 cubic mm. is the average number. 
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Taste XII. Skin or Frog. Discharaine Osmometer. Action or ‘1°/, ALCOHOL. 


Inner surface of skin towards glucose solution. 


1 2 3 4 5 6 7 8 cS 10 
Volume Initial | T eight | Volume of 
No. of Tem Area of | of fluid | Duration — of t of (of oil dis-|normal 
experi- varia skin in /in outer} of experi- oil re- oil re- enteri 
ment. c. sq. mm. | vessel ment, ceiver in | ceiver in in osmo 
in ¢.c. grammes. | grammes.| grms, | in cubic mm. 
| No aleohol | 51900 | 53160 | +1260 | 149-562 
hrs } Aleohol 1"/,| 5:6045 | 58965 | -2020 | 289-774 
No alcohol | 5°5440 | 5°6140 | | 83: 
| brs Alcohol +1°/,| 5°8715 | 5-9780 | +1070 | 127-009 
No alcohol "| 55010 | 5:5870 | 0860 | 102-082 
| | | Alcohol 56820 | 5-740 | -1496 | 169-1475 
: No alcohol "| 53150 | 5-4175 | -1025 | 121-6675 
hrs) Alcohol -1°/,| 52240 | 5-3810 | +1570 | 186-359 
No alcohol 5:4900 | 5°5725 | -0825 | 97-9275 
V | Alcohol -1°/,| 5°6170 | 5-7460 | +1290 | 153-123 


Average amount of normal saline passed through skin (95 sq. mm.) in 24 hrs. 


No alcohol 110°8658 cubic mm. 
Alcohol -1°/, 175-0825 cubic mm. 


saline 


Fluid outside osmometer, normal saline + °1°/, alcohol or normal saline. 
‘01 gramme olive oil = 11°87 cubic mm, 


Fluid in osmometer, 5°/, glucose in normal saline + ‘1°, alcohol, or 5°), glucose in normal 


Tapie XIII. or Frog. Discuaraina Osmomerer. Action oF ALCOHOL ‘1 


Outer surface of skin towards glucose solution. 


| 
1 2 3 4 5 6 Ge 8 9 10 
Volu tial eight | Volume of 
No. of Tem Area of | of fluid} Duration weight of | weight of of oil dis-\normal saline 
experi- skin in |inouter| of experi- re- re- larged | ente 
ment. Cc. sq.mm. | vessel ment. ceiver in | ceiver in in osmo 
in ¢.c. grammes. grms. | in cubic mm. 
es 7 No alcohol | 5-0780 | 5-2040 | -1260 | 148-662 
T | 16°19 | 95 | 300 | 24 bre 5:6815 | 5:7380 | -1065 | 126-4155 
alcoho 53255 | 54200 | | 112°1715 
II 17°—19° 95 300 | 24 hrs Alcohol 58965 5-9195 0380 27-301 
o alcohol | 52900 | 5: 0745 | 88-4315 
95 300 | 24 hrs Alcohol -1*/.| 6°5280 | 5°5900 | 0620 | 78-504 
No alcoho 5°5430  5°5995 | | 67-0655 
IV | 13:5°—179 | 95 | 300 | 24 hrs Alcohol 19/4} 5-485 | 5:5045 | -0220 | 26-114 
o alcohol | 56470 | 5°7080 72-407 
| 16°—18:59 | 95 300 | 34 hrs Alcohol -1%/,| 5:4220 | 5-4585 | -0815 | 37-3905 


Average amount of normal saline passed through skin (95 sq. mm.) in 24 hrs, 
No alcohol 97°7475 cubic mm. 
Alcohol 58°1630 cubic mm. 


saline. 


Fluid outside osmometer, normal saline + ‘1°/, alcohol or normal saline. 
‘01 gramme olive oil = 11°87 cubic mm. 


Fluid in osmometer, 5°/, glucose in normal saline + ‘1°/o alcohol, or 5°%/, glucose in normal 


pre 
q 
isi? 
£ 
2 
{ 
a 
q 
| 
iz 
> 
| 
4 
| 
2 
5 
| 
if | 
? 
a 
1 
g 


OSMOSIS. 345 


With boiled egg-shell membrane and with skin which had been kept — 
24 hrs. in normal saline after removal, I found the addition of alcohol 
to ‘1°/, to be without effect. 

The addition of alcohol to -1°/, then, while it increases the amount 
of normal saline passing through the fresh skin from without inwards, 
diminishes the amount passing from within outwards. Tracings 8 
and 9, Plate X., show the action of alcohol. 

-Tappeiner’ has noticed that in living cats the addition of alcohol 
to solutions of strychnia introduced into the stomach hastens the 
absorption of the drug, though from the strength of alcohol employed 
(nearly 25°/,) the result is more probably due to vascular change 
than to any stimulation of absorptive function of epithelium. 


Conclusion. 


It has been seen that the normal direction of easier osmotic 
transference of fluid through the fresh and living skin of the frog 
is in the direction from without inwards, and not from within outwards, 
as the experiments of Matteucci and Cima seemed to show: filtra- 
tion, bagging of membrane under pressure, and the use of fluids 
4s which tended to depress tissue life, seem to have been the causes 
| which led these observers into error. 

This difference of permeability in the two directions would appear, 
during the earlier stages post mortem, to be dependent more upon 
| physiological function than upon anatomical structure. Experiments 
have shown that there is a close connection between the vital condition 
of the skin and the manifestation of its absorptive power. 

Reagents tending to depress tissue life, such as water and chloro- 
form, diminish, for some time after the death of the animal, the 
amount of fluid passed through the fresh and still living skin, in 
the direction from without inwards; while on the other hand such 
reagents increase the quantity of fluid passed by osmotic action from 
within outwards. Moderate stimulation by alcohol has been seen to 
increase the amount of fluid passed from without inwards, while 
that passed from within outwards is diminished. If the skin has 
been allowed to remain 24 hrs. or so in normal saline after removal 
the above reagents fail to affect the osmotic. transfer. 

When skin is employed for experiment at various times after 


1 Zeitsch. f. Biol. xvi. p. 497, 1880. 
PH. XI. 24 
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‘the death of the frog, it is seen that, while from within outwards 


permeability increases, slowly at first and then more quickly, in the 
reverse direction, namely from without inwards, permeability first 
diminishes and then again increases, so that it exceeds that of the 
fresh skin in the same direction, though in the opposite direction 
it is less than that of a piece at the same period post mortem, The 
above facts seem to favour the assumption, that in the living skin 
of the frog there is at work some form of absorptive force dependent 
upon protoplasmic activity and exerted in a direction from the external, 


_ towards the internal surface. 


If we cause a stream of fluid to pass by osmosis, through the 
skin in a direction from without inwards, so long as the skin is alive 
the stream will be aided by the absorptive function of the tissues of 


’ the skin, and will be capable of augmentation by stimulation, and 


diminution by depression, of tissue life. If, on the other hand, it is 
arranged that the osmotic stream pass from within outwards, the 
absorptive force acting in the reverse direction will be in opposition, 
and while a stimulant will diminish, a depressant will increase, the 


total amount of fluid passed in a given time. 


A reference to Plate XI. may render the above nate et more 
clear. 

In this figure the major diffusion current is in all cases to be , 
taken as in the direction of the arrows to the right of each cut. For 
the sake of clearness the epithelium is represented as a single layer. 

‘In this diagram the absorptive force has been located in the cells 
of the epidermis. Those who have read this paper will have seen 
that there is no definite evidence for such location, for it is impossible 
to totally remove the epithelial layers of the skin, without disorganising 
the structure to such an extent, that it becomes useless for experiment. 
When however one considers the structure of the skin of the frog, it 
will be seen that if such an absorptive force as I have imagined, 
dependent on tissue life, be present in the living skin, its most probable 
seat is in the epithelial layers; for since the’ force will act from — 
without inwards, it cannot be dependent upon the cells of the skin 
glands, which would exert, in the act of secretion, a force acting from 
within outwards, and obviously the connective and muscular parts 
cannot be considered as active agents in this connection. 

One would expect, if the above assumption be correct, that the 
absorptive force persisting for some hours post mortem would enable 
the skin to transfer fluid from without inwards without the aid of 
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osmosis. A few experiments with reference to this point have been 
made with discharging osmometers filled with normal saline closed 
by fresh skin and immersed in normal saline, a control osmometer 
closed with part of the same skin but in the reverse position being 
employed at the same time. In three cases I have seen oil discharged 
from the instrument in which the inner surface of the skin was 
_ towards the reservoir, though none passed from the control instrument 
where the skin was in the reverse or unfavourable position, the tempera- 
ture variation affecting both osmometers alike. The amounts of oil 
discharged indicated a passage of 5‘9 cubic mm. of normal saline, on 
an average, in the direction from without inwards, through 95 sq. mm. 
of skin in 48 hrs. Such experiments in conjunction with stimulants 
and depressants will greatly assist in elucidating the matter under 
consideration. If it be granted that an absorptive force is present and 
that it is dependent upon epithelial activity, it is still necessary to 
account for the fact that the ultimate result of allowing the skin to 
grow stale in normal saline, is to render it more permeable than it 
was when fresh, though this condition is preceded by one in which 
permeability is diminished ; and again it must be borne in mind that 
the post mortem increase of permeability is greater from within 
outwards than in the reverse direction. This latter fact would appear 
to be dependent upon the fact that filtration occurs more easily from 
within outwards, whether from this being the direction in which 
fluids pass through the cells of skin glands in the act of secretion or 
from other causes. 

The general increase of permeability post mortem would appear 
to be due to disorganization of tissue, and that fluid can pass through 
the dead skin with greater facility from within outwards than in the 
reverse direction, is probably the result of the anatomical structure 
of the skin with its saccular glands opening to the exterior, and 
perhaps also to the fact that less resistance is met in the gland 
cells themselves in the direction in which secreted fluid is wont 
to pass. 
__ By rapidly killing the tissues of the exsected skin with such a drug 

as digitaline, the passage from the state of diminished permeability 
from without inwards, due to the depressant action of the drug, to the 
state of increased permeability due to death of the tissues and com- 
mencing disintegration, may be easily observed. 

A tracing illustrative of this is reproduced in number 10, Plate X. 

Obviously much remains to be done to clear up the matter more 
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fully, and it is my intention to pursue the subject further, especially 
with reference to the mucose of the alimentary canal. 

So far as the skin of the frog is concerned the following conclusions 
seem warranted— 

1. The normal direction of easier osmotic transference of fluid 
through the living skin of the frog is in the direction from the outer 
towards the inner surface. 

2. The transference of fluid through the skin in the above direc- 
tion is intimately associated with the physiological condition of its 
tissues; conditions or agents tending to depress vitality diminish the 
transfor i in the normal direction, while stimulants give rise to augmen- — 
tation. 

3. The cause of the easier transference of fluid from the outer 
towards the inner surface, is probably to be found in the existence of 
an absorptive force dependent on protoplasmic activity, and comparable 
to the secretive force of the gland cell. 

4. In consequence of the absorptive force acting from without 
inwards, an alteration of the relations of the surfaces of the skin to the 
two fluids used in an osmosis experiment modifies the rapidity of the 
transfer of fluid from one to the other side of the membrane, according 
as the force exerted by the living tissues is with or against the osmotic 
stream. 


Medical Association.] 


DESCRIPTION OF TRACINGS. 


Tracing (1) is from a record on smoked paper. 

Tracings (2), (3), (4) and (5) are from the Differential Recording Osmo- 
meter. 

Tracings (6), (7), (8), (9), (10), (11) and (12) are from the Double 
Recording Osmometer. 

In all tracings except (1) the time tracing marks hours. 

In the tracings from the differential instrument, 1 mm. deflection above 
the zero line, i.e, towards the time tracing, denotes a difference of ‘91 cubic 
millim. between the volumes of fluid passing through the membranes on the 
pair of discharging osmometers, in favour of the right osmometer ; the same 
deflection below zero or away from the time tracing indicates an excess of ‘91 
cub. mm, in favour of the left osmometer. In tracings (2), (3) and (4), 95 sq. 
mm. of skin were exposed on each osmometer ; in tracing (5) 190 sq. 


_ were used. Irregularities in the line of the tracing are the result of viscosity 


of the oil used, 
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In the tracings from the Double Recording Osmometer, } mm. rise 
denotes the introduction of 9 cubic millims. of fluid into the osmometers 
through the skin. The ebonite supports described in the text were employed © 
in all cases. The reproductions are } the size of the actual tracings. 


Tracing 1. Resistance to diffusion of curare offered by the fresh gastric 
mucosa of the frog. The upper row of tracings are taken from the muscle 
suspended in the tube closed by fresh, the lower from that closed by 16 hrs. 
stale mucous membrane. The nerves of both muscles were stimulated by the 
same induction shock. The numbers below the lower line of tracings indicate 
the distances in centimetres of the primary from the secondary coil of the 
induction machine. The muscle in the lower tube closed by stale mucosa 
becomes completely curarised at a time when that in the upper tube closed 
by fresh membrane is little affected. Duration of experiment 4} hrs., Temp. 
15° C. 

Tracing 2. Contrast of the diffusion of water and normal saline through 
fresh frog skin in the direction from without inwards. Both osmometers 
were closed by fresh skin having its inner surface towards the glucose 
solution, which in the case of the right osmometer was made with normal 
saline, while that in the left was made with water. (a) is a record from 
immediately after removal of the skin till 4 hrs. post mortem. (6) is from 
6 hrs, post mortem till 11°75 hrs., (c) is from 11°75 till 20 hrs., and (d) from 
20 hrs. till 27°5 after death of the frog: Temp. 16°—19°C. It will be seen 
that till about 17 or 18 hrs, post mortem more fluid passes into the osmo-— 
meter filled with the solution of glucose in normal saline than into that filled 
with water glucose ; after this period the reverse obtains. The experiments 
in Table 5 were conducted at 8:°5—13° C. and by 24 hrs., the change which 
here occurs 17 to 18 hrs. after death had not taken place. 


Tracing 3. Contrast of the diffusion of water and normal saline through 
fresh frog skin in the direction from within outwards (reverse of (2)). The 
fluids in the two osmometers were disposed as in (2); the outer surface of the 
skin was however towards the glucose solution on each side, (a) is a record 
from 1 hr. after removal of the skin till 7 hrs. post mortem, (6) is from 7 hrs. | 
till 13 hrs. post mortem, (c) is from 16 hrs. till 22°5 hrs., and (d) from 24 
till 31 hrs. after death. Temp. variation 18°—21°C. It will be seen that 
more water than normal saline passes through the skin throughout the 
experiment. 

Tracing 4. Contrast between diffusion of normal saline from without 
inwards and from within outwards at various periods after death. In all the 
records deflection towards the time tracing indicates that more fluid has 
passed from without inwards than in the reverse direction ; deflection away 
from the time tracing indicates that more fluid has passed from within 
outwards than from without inwards. On the right osmometer the inner 
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surface, on the left, the outer surface of the skin, was towards the glucose 
solution. (6), (c), (d) and (¢) are taken with parts of the skin of the same 
frog. The area of skin was 95 sq. mm. 


(a) Fresh till 12 hrs. post mortem. Temp. 11°—13°C. 
(6) 24 hrs. post mortem till 37 ,, »  85—10°C, 
(c) ,,. ” 53°5 ” ” ; 9°-—11° C, 
(dd) 58 ,, ” ” ” 10°—11' C. 
(e) 72 ”? ”? ” 84 ” ” ” 10°—12° C. 


Up till about 75 to 76 hrs, post mortem (Tracing 4e) the skin is seen to be 
more permeable from without inwards than in the reverse direction (the “first 
period” in the text) ; after a short period during which there is no difference 
in the permeabilities in the two directions, the third period ensues during 
which permeability is greater from within outwards than from without 
in 

Tracing 5. End of the first, the second, and commencement of the third 
of the post mortem periods in a rapidly dying skin. ‘The pieces of skin 
arranged as in (4). 190 sq. mm. employed instead of 95. The skin had 
been kept 24 hrs. in 5°/, glucose in normal saline instead of in normal 
saline as in Tracing 4. Temp. 10°—11°C. In this case the second —— 
occurs as early as 31 hrs. post mortem and is of short duration. 

Tracings 6 and 7. Action of chloroform on fresh skin. In both cases 
the drug was added to the fluids diffusing in the lower osmometer. In (6) 
the wner surface of the skin is towards the glucose solution ; in (7) the outer 
surface is so placed. The upper or control tube gives in both cases a tracing 
with a portion of the same skin, but no chloroform was added to the fluids. 
Temp. variation in (6), 16°—19° C., in (7), 17°—20°5°C. It is to be noted 
that while in (6) where inner worfacn 1 is towards glucose, and normal saline 
passing from without inwards, chloroform lessens the osmotic transfer, in (7) 
where the outer surface is towards glucose and normal saline passing from 
within outwards, the transfer of fluid is increased by the addition of the drug. 

Tracings 8 and 9. Action of alcohol ‘1°/, on fresh skin. The drug as in 
(6) and (7) was added to the fluids diffusing through the skin on the lower 
tube. In (8), in which the inner surface is towards the glucose solution, 
addition of alcohol qguickens, while in (9) where the outer surface is so placed 
alcohol retards the osmotic transfer of the normal saline. Temp. variation 
(8), 19°--22°C., (9), 16°—19-5° C, 

Tracing 10. Action of digitaline :1°/, on transfer of normal saline from 
without inwards. The digitaline was added to the fluids diffusing in the 
lower osmometer. It is to be noted that while slowing is caused for the first 
3 or 4 hrs., a quickening of the stream follows, which is to be accounted for 
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by the rapid destruction of the vitality of the tissues. Temp. variation 
22°—27° OC. | 

Tracing 11. Upper tube, diffusion of normal saline from without inwards. 

Lower tube, diffusion of normal saline from within outwards. . 

Portions from corresponding parts of the fresh skin. Temp. variation 
16°—18-5° ©, | 

Tracing 12. Rapid death of the skin of a feeble frog. Inner surface of 
skin towards the glucose solution in normal saline. At first a rapid flow of 
fluid occurs into the osmometer, which would appear to be the result of the 
absorptive force, this is followed by a slowing, which again is succeeded by 
augmentation of the stream due to the increase of permeability which occurs 
upon the death of the tissues. Temp. variation 20’—23° C. 


3 
3 
4 
<a 
4 
if 
a 
ag 
a 


VOLUNTARY AND REFLEX MUSCULAR CONTRAC- 


TION. By J. BERRY HAYCRAFT, MD. DSc. (Pl. XIL) 
From the Physiological Laboratory, University, Edinburgh. 


A MUSCULAR movement, raising the arm for instance, at first sight 
appears to be due to a simple steady pull by the muscles on the arm 
levers, which pull one might conceive of as consequent upon the action 
on the muscles of an uniform discharge of nerve impulse from the nerve 
centres. Of late years many facts have led the physiologist to believe 
that the neuro-muscular activity is not so simple in its nature as above 
described, and it is commonly held that during the voluntary contraction 
of a muscle, the nerve-element discharges into the muscle-element a 
series of impulses rapidly following each other, the muscle-element 
responding by a contraction to each impulse. On receiving the first 
impulse the muscle contracts, but inasmuch as the other impulses break 
into it, in rapid succession, like shots quickly fired from a revolver, it 
has not time to relax between any two of them. In this way one can 
readily account for apparently simple, and often prolonged muscular 
movements, This view of the action of the neuro-muscular mechanism 
we may term the “natural tetanus” theory, the meaning of the word 
tetanus having become somewhat distorted etymologically. 

As far as I can make out the “natural tetanus” theory began with 
Wollaston, who observed in 1810 that a contracting. muscle emits a 
sound of low pitch (1). He likened it to the sound produced by the 
rumbling of a distant wagon, and found that its pitch was that of a 
body vibrating thirty or forty times a second. He likewise stated that 
when a muscle is thrown into very powerful contraction, the pitch is 
somewhat raised. 


The muscle sound. 


The muscle sound was rediscovered by Paul Erman in 1812; he 
likened it to the purring of a cat, and stated also that its pitch varies 
with the energy of contraction (2). 
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In 1863 Samuel Haughton again drew attention to the muscle 
sound and estimated its pitch as that of a body vibrating from thirty- 
two to thirty-six times per second (3). 

A year later Helmholtz again describes it, and puts down the chief 
tone of his own masseter muscle as corresponding to that of a body 
vibrating thirty-five to thirty-six times per second (4). So far he 
merely corroborated the results obtained by other observers, but in the 
following year, he published an account of a very important experi- 
ment (5). He found that when he artificially tetanised a muscle by 
rapid electrical shocks, watch springs, or bits of paper attached to it, 
were thrown into sympathetic vibration when their own periods were 
the same, or nearly the same, as that of the tetanised muscle. These 
watch springs and bits of paper could therefore be used to investigate 
the period of a tetanus produced by stimulations of unknown rapidity. 
When he attached the paper slips to a muscle during voluntary con- 
traction he found that those slips were most affected which had a period 
of 19°5 vibrations per second. This gave therefore the period of the 
natural tetanus, the muscle vibrating 19°5 times per second. 

Helmholtz in the same paper describes another important experi- 
ment on the rapidity of the discharges from nerve-elements in the spinal 
cord. He stimulated the spinal cord of a frog with rapid induction 
shocks, and found that the muscles vibrated 19°5 times per second, and 
he concluded that the cord has its own natural period of discharge (19°5 
per second) whether it discharges as the result of reflex or voluntary 
action, or of stimulation directly applied to it. 

The muscle sound however has the pitch, as we have already seen, 
of a body vibrating much more rapidly, and in order to reconcile these 
conflicting facts, Helmholtz concluded that the muscle, as indicated by 
the “paper slips” experiment, contracts 19°5 times per second, that the 
fundamental tone thus produced cannot be heard on account of its low 
pitch, and that the sound actually heard must be its first overtone. 

In a subsequent paper (6) a new light was thrown upon the subject. 
He found that the C of the sixteen feet (open) organ pipe (thirty-eight 
vibrations per second) is a resonance tone of the ear. This is just the 
tone heard when a muscle contracts, and it occurred to Helmholtz 
that the so-called muscle sound may be after all chiefly an ear sound. 
One can in this way explain the high pitch of what is called the muscle 
sound on the supposition that the slow vibrations of the muscle 19°5 
per second caused quicker resonance vibrations within the ear cavity 
(membrana tympani and ossicles): if this be true the so-called muscle 
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sound which is in reality an ear sound, can be altered in pitch by vary- 
ing the tension of the membrana tympani, this can readily be affected 
by varying the tension of the air within the ear cavity. Place the end 
of a binaural stethoscope on the contracting masseter, close the mouth 
and the nostrils and forcibly expire, the pressure within the middle 
ear is increased, the tension of the membrana tympani is rendered 
greater, and the so-called muscle sound is very appreciably elevated in 
pitch. 

Helmholtz concluded from all his experiments that no very reliable 
information is to be obtained respecting the period of a contracting 
muscle by listening to the muscle sound. This indicates alone that 
during a prolonged contraction a muscle is not at rest but is moving at 
some period or another. Here the “paper slips” experiment comes to 
our aid and suggests that the neuro-muscular mechanism passes in to 
rhythmical activity with a period of about 19°5 per second. 


Artificial and secondary tetanus. 


The muscular contraction produced by interrupted electrical sti- 
mulation is readily proved to be of a compound nature. Although the 
curve that muscle writes upon the myograph may be absolutely 
smooth, and although with Weber one may be unable to discern, 
even with the aid of a microscope any oscillation at all, yet as 
Helmholtz has shewn (4) it emits a sound which corresponds in pitch 
to that of the electrical interruption used for stimulating it. The 
muscle is therefore not at rest but is undergoing a periodic change of 
some sort or other. | 

The production of secondary tetanus as observed by du Bois- 
Reymond is an indication of the same thing. Curiously enough 
however one cannot obtain secondary tetanus from a voluntary con- 
tracting muscle (Harless). If a muscle is made by the influence of 
the will to pass into a prolonged contraction the nerve muscle prepara- 
tion attached to it is affected just for a moment at the commencement 
of the voluntary contraction and then remains quiescent although the 
muscle continues to be forcibly contracted. At first sight this would 
appear to disprove the compound nature of the voluntary contraction. 
This can hardly be urged however inasmuch as it presupposes that a 
muscle thrown into artificial tetanus is of necessity in the same condition 
as one in natural tetanus supposing natural tetanus actually occurs. 
Now it is certainly very improbable that the muscle artificially tetanised 
by a series of momentary electrical stimuli is the same thing as a 
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muscle in natural tetanus. For the nerve discharges in whatever way 
we may look at them are certainly very different from induced electrical 
stimuli and we cannot argue that because one tetanus exhibits certain 
phenomena the other tetanus must of necessity exhibit the same. 

The muscular contractions of a strychnined frog are produced by a 
series of discharges (about ten per second) from the nerve elements 
which cause the muscles violently to contract and to visibly oscillate in 
a very marked manner. Here at any rate is a most pronounced and 
punctuated natural tetanus produced by nerve discharges, and yet 
secondary tetanus is not at all easy to obtain. If the secondary tetanus 
cannot be obtained from a muscle in voluntary contraction all we can 
say is that secondary tetanus has failed to supply us io this case with a 
method for investigation, and we need not examine here the theories of 
du Bois-Reymond and Briicke, who believing that a voluntary con- 
_ traction is a natural tetanus attempt to explain why secondary tetanus 
may still be absent. 


The experiments of Lové n. 


The “mass” of an ordinary galvanometer needle is so great that it 
cannot be used to investigate a tetanic condition. If a muscle connected 
with a galvanometer be artificially tetanised the heavy needle is unable 
to indicate the rapid variations in its electromotive force. By means 
however of a Lippmann’s capillary electrometer which can be made 


extremely sensitive to currents of short duration Lovén states that he — 


has obtained indications of periodicity (8 per second) in the electro- 
- motive force of a muscle contracting under the influence of the will. 


The registration of muscular contraction by means of tambours, etc 


A contracting muscle can write its own movements by means of 
sensitive levers, and Kronecker and Stanley Hall (7) find that on 
stimulating the spinal cord with rapid induction shocks (forty per second) 
the muscle writes a curve shewing oscillations of practically the same 
period as Helmholtz had obtained with his sympathetic springs, 
namely twenty per second. 

Schafer (8) and v. Kries (9) almost simultaneously published an 
account of tracings they had obtained of human muscle thrown into 
voluntary contraction. The plan that both these observers seem to have 
adopted was to press with the hand on the button of a Marey’s cardio- 
graph in attachment to a writing tambour. In other cases the cardio- 
graph was pressed directly on the contracting muscle. The tracings 
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they obtained shewed oscillations which varied in different parts of the 
curve from eight to thirteen (on the average ten) per second. 
Horsley and Schafer stimulated the motor paths and areas with 


rapid induction shocks and found that whatever the rate of stimulation __ 


the muscular contraction shewed on the average oscillations of ten per 
second, and they concluded that this was the natirel discharge period 
of the neuro-muscular mechanism. 

The evidence for the tetanic nature of the voluntary contraction is 
threefold, first we have the evidence of Helmholtz’s sympathetic 
springs giving a period for the tetanus of 19°5 per second. Secondly we 
have Lovén’s experiment with the capillary galvanometer giving a 
period of 8 per second. Thirdly we have the writing of the muscle 
itself, giving in the hands of Kronecker and Stanley Hall a period 
of 20, and in the hands of Schafer and Horsley 10 per second. These 
witnesses are all arranged on the defence of the tetanic theory but they 
do not agree amongst themselves as to its period. 


Early experiments in 1882. 


My own interest in this subject commenced in the year 1882 when 
in conjunction with my demonstrator Mr Charles Greene I took in 
the Masons College a series of tracings of the voluntarily contracting 
muscles. The contraction was registered by the cardiograph as above 
described, and also by pressing with the hand upon a long writing lever. 
On examining the tracings we found that although in parts they 
appeared fairly rhythmical yet the rhythmic character was never perfect 
and often consisted of oscillations of great irregularity. The tracings, 
except in small portions, were quite unlike the regular rhythm one 
obtains from a frog’s heart or from a muscle of an animal poisoned by 
strychnine. We concluded from our tracings, similar in every respect 
to those obtained by subsequent observers, that we were not at liberty 
to pronounce a decision in favour of the rhythmic discharge theory. In 
the first place the oscillations were not truly rhythmic as previously 
stated, and secondly the method of experimentation was imperfect. 
When one places the hand or finger upon the button of a cardiograph 
one can hardly affirm that one obtains a tracing pure and simple of the 
flexor muscles. During the movement the extensor muscles are 
certainly not inactive flaccid cords, and they complicate the experi- 
ment. We came to the conclusion that the hand trembled, partly, at 
any rate, because it wasa bony rod acted upon by antagonistic muscles, 
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which, like a ladder propped up by men, one on either side, would 
be unable without absolute coordination to remain steady. This was 
the interpretation which I put upon the experiments of Schafer and 
v. Kries when first they appeared, but on more carefully reading 
over the paper of the former observer I found that he had obtained 
tracings shewing oscillating movements from a simple isolated muscle, 
so that there was something over and above the action of antagonistic 
muscles. 

The only muscles in the living body which in my opinion are capable 
of giving satisfactory evidence on this question are those that close the 
lower jaw. On placing several sticky gelatine jujubes between the 
_ molar teeth and then clenching the jaw it is possible to get two points 
absolutely fixed in respect to each other and between which muscles 
pass. Ifa cardiograph be then placed on the masseter and tied round 
the head so that the band does not press on any other muscles, or better 
still if the head be firmly fixed and the cardiograph, fixed in a firm 
iron support, be approximated to the muscle, one can then register any 
of its movements without complication. Tracings were obtained in this 
_ fashion, and it was at once seen that the curves were not smooth but 
presented marked oscillations, which it is at once necessary to assume 
can be obtained by the cardiograph from a single muscle during its 
natural contraction. The oscillations were not however strictly periodic 
for although small portions every now and then shewed a few oscilla- 
tions very similar to each other, the curves are far more irregular than 
other physiological rhythms. This experiment was performed in the 
summer of 1886 and for some time I was much perplexed at the a 
obtained. 


Want of coordination in the parts of a single muscle. 


I happened one evening to examine my contracting masseter, with 


two fingers pressed upon it. The muscle seemed incapable of pulling — 


steadily and uniformly on the lower jaw, frequently, but with no rhythm 
the muscle would momentarily relax a little, and what was more, all 
parts of the muscle seemed unable to act together. The muscle within 
itself seemed to be uncoordinated, one finger being frequently jerked 
when the other finger was less affected. This seemed to me to afford 


some clue to the tracings the muscle had previously given, in fact such 


movements would of necessity prevent a contracting muscle from 
registering a smooth curve. 
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In order to obtain tracings taken from different parts of my own 
masseter muscle I had two cardiographs made on the same principle as 
Marey’s. They were smaller however, being only four centimetres 
across in order that they might both be brought in contact with the 
muscle at the same time. They were connected in the usual way to 
two writing tambours whose levers were carefully arranged to write in 
vertical series. The cardiographs were screwed on to a board which was 
firmly held by iron supports, and they were approximated to my cheek, 
my head being fixed to supports in order to avoid trembling movements 
due to the action of antagonistic neck muscles. 

Tracing Fig. 1, Plate XII., is one of many which I thus obtained. It 
shews quite clearly that the same muscle is not contracting uniformly 
in all its parts. Whereas small portions of the two curves may be 
almost exactly identical, yet in other parts one finds even marked 
differences between them. In one curve an oscillation may be present 
which is entirely absent in the other, and the one curve may indicate 
vigorous movements, which are far feebler in the other. In fact want 
of coordination between the different parts of the muscle is distinctly 
observable. 

The above experiment cannot be taken as absolutely final inasmuch 
as it is almost impossible to avoid slight tremblings. One cannot fix 
the head so as completely to avoid these, and I therefore verified the 
above by investigating tracings taken from a frog’s muscle so arranged 
that its attachments could be rigidly fixed. 

A frog was pithed, the gastrocnemius muscle dissected up to its 
attachment to the femur (Fig. 2, Plate XII). 

The tibia was cut away, the thigh muscles cut from the femur, which 
was divided at its middle. This was held in a pair of muscle forceps 
on a firm metal stand, the muscle hanging downwards and still pre- 
serving its nervous attachment to the rest of the body. The muscle 
and tendon was now slit up longitudinally close to the femoral attach- 
ment and the two halves were made to write their contractions one 
above the other by means of two writing levers. The frog was stimu- 
lated by the application of acetic acid to the skin. 

It will be seen, on examining the tracings taken (Fig. 3, Plate XII.), 
that the two halves of the muscle are not perfectly coordinated in their 
movements, the curves being by no means identical. Of course the 
above experiment is not without objection inasmuch as the muscle is 
an injured muscle, and it was thought advisable to repeat this experi- 
ment in a modified form. The frog was prepared as above described, 
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but in this case the gastrocnemius was placed on a horizontal plate 
(Fig. 4, Plate XII). 

Two fine needles were attached each by a thread to two levers placed 
above the muscle, the needles’ points were bent’ into excessively fine 
hooks, and these were hooked into the fascia of the muscle at points 
some three or four millimetres apart. The two levers were raised into 
such a position that the threads were taut and the contracting fibres 
could register their movements. Here again curves were obtained 
which are far from identical (Fig. 5, Plate XIT.). 

In all the experiments above described not only did the amount of 
the contraction of a muscle vary in its different parts, but one could 
always get indications of slight contractions present in one part and 
absent in the other. It seemed as if the muscle during contraction was 
like a body of men all pulling on a rope. In this case absolute coordi- 
nation is impossible, for men are not absolutely the same in their method 
of pulling. 

It seemed to me at this stage of my work that this want of coordi- 
nation, which was probably between the muscular fasciculi, accounted for 
the oscillation seen by Schafer and v. Kries. According to this view 
the oscillations should be quite aperiodic. Now this is not exactly true, 
for although strictly speaking the curve as a whole is aperiodic yet 
every now and then one comes upon short portions which almost appear 
to have a true rhythm. 

Wishing to have another opinion on my curves I took them to 
Professor Tait whose kindness to me on this and on many similar 
occasions I most gratefully appreciate. He suggested that a difference 
between my two levers might possibly account for the difference in my 
two curves and advised me to shift my levers in order to test this. 
This I accordingly did, attaching A half of my muscle to lever A, and B 
half to lever B in first experiment, then shifting the levers so that A 
half was attached to B, and B half to A, and finally shifting them back 
again. In this way it was possible to see whether these irregularities 
of the curve were or were not due to the lever. The curves satisfied 
Professor Tait that the muscular fasciculi themselves were not co- 
ordinated in their contractions, and that differences in the levers could 
not account for the want of similarity between the two curves, indeed I 
had always used levers as similar as possible to each other. 
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The curves obtained by Horsley, Schafer, v. Kries and others are 
partly due to the periods of the instruments used. 


It then occurred to me that the rhythmic appearance, for which I 
had not yet accounted, so frequently appearing in the curves, might be 
due to the oscillations of the recording apparatus itself. One knows 
that more or less rhythmic oscillations are observed in every cardio- 
graphic or sphymographic tracing; displace a lever from its position of 
rest and it oscillates before it again assumes it. If a lever be attached 
to a muscle and if the lever be pressed up or down and then let go it 
will oscillate several times before it comes to rest, and still more marked 
oscillations are seen on tapping the button of a Marey’s cardiograph 
attached to a writing tambour. If then during a muscular contraction 
we have anything like irregular aperiodic movements of the muscle 
these will compound themselves with the period proper to the regis- 
tering apparatus. This is a conclusion which is quite warrantable, and 
in this way we can account completely for the tracings taken by 
Schafer and v. Kries. In order however to make more certain of this 
by a direct experiment I took muscle tracings by two sets of registering 
apparatus having different periods of their own and compared the two. 

Two cardiographs were constructed, one four centimetres, and the 
other eight centimetres across, and correspondingly deep (Fig. 6, 
Plate XII). They were attached by two tubes to a Y-shaped junction 
which was attached hy one tube to a writing tambour. On clamping 
one tube, that going to the small cardiograph, the other cardiograph 
and the writing tambour formed a registering apparatus of slow period, 
and gave with the finger tip the tracing. (Fig. 8, Plate XII.) 

The clamp was then changed on to the other tube and a tracing 
taken with the smaller cardiograph of quicker period. After each 
tracing the button of the cardiograph was tapped in order to get in each 
case a tracing of the period proper to the instrument. A glance at these 
two curves will shew at once that whatever there is of rhythm in either 
of them is due to the period of the registering apparatus (Figs. 7 and 8, 
Plate XII.). 

Just as the aperiodic trembling, which we have shewn to be 
fascicular, causes the membrana tympani to vibrate, and gives a 
resultant sound whose pitch Helmholtz has shewn is of no value 
in determining the rate. of the muscular trembling, so in like manner 
any lever or light vibrating mechanism attached to a muscle will also 
be caused to vibrate at its own period and the resultant curve is there- 
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fore useless as an index to the movement which actually takes place in 
the muscle itself. But a capillary galvanometer such as Lovén used, 
must in the nature of things possess its own oscillation period. May it 
not be that here in this case also the results which he obtained are open 
to a similar objection? Without venturing to assert that this is so it 
seems to me to be very probable. His results differ from those of 
Schafer and v. Kries, and still more materially from those obtained 
by Helmholtz and Kronecker, and these discrepancies can hardly be 
explained on the theory that these observers differed considerably in 
their exactitude, but they may readily be explained on the assumption 
that the instruments they used had different periods. 


A muscle is not a simple physiological unit. 


I think it has been too much the custom to regard a muscle as a — 
simple physiological unit. Histologists have long placed the matter in 
its true light and yet their teaching has been overlooked by the physi- 
ologist. A muscle is made up of fibres roughly united together in 
fasciculi, and these receive their nerve supply not through a simple 
channel, but through a multitude of channels. Each muscle fibre 
receives its nerve, and is brought by it into relationship with the 
central nervous system. What we have therefore in actual fact is a 
number of nerve fibres passing from the nerve centre, and ending in a 
number of muscle fibres, and when a muscle contracts, a number of 
discharges take place, a number of impulses pass down into and liberate 
the energy within a number of fibres. As one might expect, perfect 
coordination of such a mechanism is physiologically impossible, and this 
want of coordination is seen in the localised movements which produce 
the aperiodic movements in the muscle. 

The fasciculi of a muscle appear to contain fibres especially associated 
and coordinated together and as far as I can make out the aperiodic 
movements of the contracting muscle are chiefly due to want of coordi- 
nation between the different fasciculi, and groups of fasciculi. On 
examining the gastrocnemius muscle of a frog during a reflex movement 
one can observe fascicular twitches, but the following experiment 
renders this very evident. 

Pith a frog and expose and isolate the sciatic nerve, and expose the 
posterior surface of the gastrocnemius. Place a tiny drop of strong salt 
solution so that it just touches one side of the nerve. After a few 
minutes the muscle will begin to twitch every now and then. On 
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examination the twitching will, in a successful experiment, be found to 


be confined to one or two fasciculi, after a little time another fasciculus 
or group of fasciculi will begin to twitch and so on until the whole © 
muscle becomes affected. There seems to be a gradual invasion of the 

nerve by the salt solution, which does not reach all of the fibres at once, 
those which it reaches first, and which therefore are near one another, 
passing as the experiment indicates into muscular fibres belonging to 
same or to fasciculli. 


contraction electrical excitation of the 
nerve centres. — 


- Helmholtz was the first to stimulate the spinal cord with rapid 
induction shocks and to examine the contracting muscles by means of 
his sensitive springs. He came to the conclusion that at whatever rate 
the cord was stimulated, it discharged—as indicated by the muscle—at 
the rate, on an average of 19°5 per second. Kronecker placed this at 
twenty per second and Schafer and Horsley (10) at ten. It need 
not be stated that if my previous views are correct the results of 
the latter observers are probably also to be explained as due to 
instrumental periodicity. In this case as during a voluntary contrac- 
tion complete coordination is impossible, irregular movements occur 
which produce the natural periods of the instruments used to record 
them. I find that on stimulating the spinal cords both of frogs and 
of rabbits with induction shocks, thirty to sixty per minute, the oscilla- 
tions in the muscle tracings are chiefly the periods of the registrating 
apparatus used. On varying the size of the tambour I can vary ea 
number of oscillations almost at will. 

But this is not the whole truth, although such gross movements 
may occur, the spinal cord is capable of discharging at the 
same rate as that with which it is stimulated, or perhaps it may 
be safer, in our present state of ignorance, to affirm that if the cord 
be stimulated « number of times per second the muscles will respond 
by 2 number of contractions. 

As a result of my first experiments upon rabbits I never obtained 
anything except that which might be considered as slow aperiodic 
movements compounded with the period of the instrument used. One 
day however I used a cardiograph of a different size from that to which 
I was accustomed. It was similar to a Marey’s cardiograph and as in 
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the other experiments its button was pressed against the thigh muscles 
of the animal and it was connected with an ordinary writing tambour. 

On stimulating the upper lumbar cord using a tuning-fork making 
thirty interruptions per second I was astonished to observe that the 
muscle curve registered in a most perfect and regular manner thirty 
contractions per second. The observation was several times repeated 
and with the same result. 

I then used a vibrating reed to break the current. I had graduated 
the reed myself so that I could stimulate ten, twenty, or thirty times 
per second. With ten stimuli per second I got ten contractions, with 
twenty stimuli per minute I got twenty contractions, but on stimulating 
thirty times per second I only got the period of the lever (about ten per 
second). On using the tuning-fork again however I got thirty contrac- 
tions for the thirty stimuli. Obviously my graduation of the reed had 
been faulty, and on shortening it a little so as to increase its speed I 


found that I had no difficulty in getting the thirty responses (Fig. 9 
a, b and c, Plate XIT.). 


The explanation of these facts is too obvious to be insisted upon at — 


length. Where rapid stimuli are applied to the cord twenty, thirty, etc. 
per second the muscles respond to this stimulation. The registering 
apparatus will not be affected unless it has some period of its own which 
corresponds to the period of the muscle. It has happened to other 
observers, and it happened to me in my first experiments that my 


tambours were unaffected by the rapid oscillations of the muscles. In 


this case only rough tremblings, or such oscillations as could do so, 
compounded themselves with the slow fundamental period of the 
tambour. On changing my tambour for another’in the last experiment, 
I could no longer get the curve shewing thirty oscillations per second ; 
and using the previous instrument and weighting the tuning-fork with 
wax, it was no longer evident. 

The curve (Fig. 10, Plate XII.) is a very instructive one. The cord 
was stimulated thirty times per second, yet the muscle curve shewed at 
first only the slow periods of the instrument, after atime it got into the 
thirty a second, and these small oscillations are seen at places com- 
pounding themselves with the slower periods of about ten per second. 

It was of course an important matter to stimulate the upper part of 
the cord and the motor paths in the brain. This was accordingly done, 
with the result that similar tracings were obtained from the upper part 
of the dorsal region and from the base of the brain. In the last experi- 
ment wires covered by insulating material except at these points, were 
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thrust into the brain and pushed down one on either side of the cerebral 
peduncles, 

I have not as yet obtained similar tracings from muscles thrown into 
contraction by stimulating the cortical centres. 

But if a skeletal muscle will respond to the thirty stimuli per second, 
it will give out a low toned musical note, and by listening to the muscle 
it will be possible to determine with the greatest ease whether it will 
respond to higher periods of stimulations, say 100 or 200 per second. I 
have as yet not been able to register by a tambour any more rapid con- 
tractions than the thirty per second, but the ear will enable one to push 
the experiment much further. For this purpose I used a Bernsteins 
reed vibrating from about 100 to 250 times per second. The interrupter 
was placed in a neighbouring room and the wires led through into the 
room used for the experiment. When vibrating at the low speed the 
note of the reed was faithfully repeated by the muscle, at the higher — 
speeds the same was observed although the note was perhaps not so 
pure. In this experiment I had the advantage of the kind assistance | 
of Professor Rutherford, whose musical perceptions are far keener than 
my own. We listened to the leg muscles of the rabbit both when the 
_ lumbar and the upper dorsal cord was stimulated, and finally when 
stimuli were applied to the cerebral peduncles. In all cases the note 
was clearly heard. A point that we both noticed was that for perhaps 
two or three seconds after stimulation the contracting muscle only gave 
out the usual muscle (ear) sound, after this the note began to develope 
and rapidly came out clear and distinct. It is interesting to associate 
this with the curve in Fig. 10, representing at one part of its course 
the rapid periods, superadding themselves to the slow period of the lever, 
and suggesting that after all it was no fault of the registering apparatus 
itself that this took place in so tardy a manner. 

When experimenting with the cortical areas I had failed when using 
the writing levers to obtain evidence of muscular movements correspond- 
ing to the period of stimulation, and similar results were obtained on 
using the stethoscope. Both cats and rabbits are bad subjects for 
experimentation, the latter animal frequently moving spontaneously; the 
dog answered my purpose much better. On stimulating the hind and 
fore leg areas the sound produced by the contracting muscles was 
simply the muscle sound’. Moreover the character of the muscular 

1 Once or twice I am almost certain that I heard the note of the interrupting reed used 
for breaking the stimulating current. In this case the current was probably a too power- 


ful one, and may have stimulated deeper parts of the brain. On all other occasions both 
Professor Rutherford and I heard the muscle sound alone. 
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contraction was quite different from that of one resulting from cord 
stimulation. In the latter case the muscles contract continuously and 
as long as the stimulation is applied; in the former the result is more 
like that obtained from stimulation of a sensory surface, the muscles 
moving, and generally coming to rest after the performance of the 
movement while, may be, the stimulus is still being applied. 

As I am anxious to avoid any digression from the main purport of 
this discussion I shall content myself with recording these observations 
without at present attempting to point out their significance. I must 
however guard myself against appearing to believe that a nerve centre 
can be stimulated to activity say a hundred times a second. I think 
this is very improbable, and would incline to explain my results as due 
to stimulation of conducting motor paths, What I am at present 
content to affirm is that stimulation of the cord 2 times per second 
produces # number of muscular responses per second. 

The muscle sound indicates as Helmholtz has shewn that slow 
movements are going on in the muscle which excite the vibrations of 
the membrana tympani. We have fascicular or other local movements 
in every contracting muscle, as I have endeavoured to shew, and this 
being the case it is very questionable whether we have to seek any 
further for the cause of this sound. If then the results obtained by the 
stethoscope, by capillary electrometer, by levers and cardiographs can 
all be explained by fascicular movement, what proof remains that a 
voluntary contraction is of the nature of a tetanus? 

To my own mind no such evidence has as yet been found, but at the 
same time | should wish to state most emphatically that I do not deny 
that a voluntary contraction may after all be tetanic, for it would be 

illogical to argue that because no evidence has as yet been adduced it 
- will not therefore be forthcoming in the future. 

Then again although fascicular movement undoubtedly occurs in 
every contracting muscle, there can be no doubt that during a prolonged 
voluntary contraction we have in addition very slow variations in the 
contraction of the muscle as a whole. These however are not due to 
rhythmic discharges, but probably depend upon the action of other parts 
of the nervous system, The nervous system may be compared to a peal 
of bells. You cannot strike one bell without affecting all the rest, and in 
like manner activity of one part of the nervous system will affect all 
other parts, especially those parts which are most intimately associated 
with it. Exert the right hand to the utmost effort registering the work 
done by it; now repeat the experiment at the same time dving a mental 
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calculation, or performing some energetic movement with another limb, 


and the right hand will be found to lose much of its power. 

When we look upon the neuro-muscular mechanism concerned say 
in moving the biceps muscle, as consisting of hundreds of neuro- 
muscular units, partly independent of, and yet intimately associated 
with each other and with other parts of the irritable and explosive 
nervous system, then we can readily understand how impossible it must 
be to discharge into the muscle such a uniformly steady impulse as will 
cause in it a perfectly smooth contraction. 


‘ General Conelusions. 


During a reflex or a voluntary soutculat movement, the muscles 
involved exhibit fascicular or other local movements due to uncoordi- 
nated discharge from the central nervous system, and perhaps due also 
to variations in excitability or activity of the fibres or fasciculi affected. 
These contractions although not rhythmic may occur with some rough 
average frequency perhaps about 19°5 per second as indicated by the 
not very exact method used by Helmholtz, and they cause the muscle 
sound, which is a sensation produced by these movements and by the 
vibrations of the membrana tympani compounded with them. These 
movements probably explain the oscillations of the capillary electro- 
meter used by Lovén. | 

They cause and compound themselves with the natural periodic 
movements of the instruments used for obtaining tracings of so-called 


_ voluntary tetanus, as well as in the experiments of Kronecker 


Horsley and Schiifer on the discharges of the cord and motor tracts 
when these parts are subjected to rapid electrical stimulation. 

We cannot accept much of the evidence which was held to support 
the tetanic theory of the voluntary muscular contraction; and our judg- 
ment as to the nature of the movement must be for a time suspended. 

On stimulating the motor paths of the spinal cord and the base of 
the brain, with rapid induction shocks, the muscles respond to each 
shock. If the registering apparatus (cardiograph etc.) has a period of 
its own which corresponds to the period of stimulation, the oscillations 
of the muscle will be registered. In any.case a musical note will be 
produced by the muscle, having the same pitch as that of the electrical 
interrupter used for stimulating. 

On stimulating the cortical areas with weak yet sufficiently strong 
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interru pted electrical currents, the muscles which respond give out only 
the muscle sound and not a note corresponding to the — of the 
electrical interruption. 
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DESCRIPTION OF FIGURES IN PLATE XII. 


Fig. 1. Tracings obtained by placing two small cardiographs on different 
parts of my own masseter muscle, each cardiograph being in connection with 
a writing tambour, and the two tambours writing in vertical series. Tracings 
to be read from left to right. | 

Fig. 2. Scheme of an experiment with the gastrocnemius muscle of a frog. 
A, clamp holding the femur. B, a glass rod separating the two portions 
of the divided gastrocnemius muscle. (C, spinal cord in nervous connection 
both with the muscle and with the skin, to which chemical stimuli were 
applied. D, levers registering the contraction of the two halves of the muscle. 

Fig. 3. Tracings obtained from the two halves of the divided gastro- 
cnemius muscle. Observe that they are similar but not identical. 

Fig. 4. Scheme of another experiment with the gastrocnemius muscle of 


a frog. A, muscle to which are attached, at some distance apart, two tiny — 


hooks attached to recording levers B. C, —- cord in nervous connection 
with the muscle and the skin. 

Fig. 5. Tracings obtained by the levers in the ahove experiment. They 
are similar but not identical, shewing that all parts of the muscle are not 
comporting themselves in quite the same way during a reflex contraction. 
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Fig. 6. Two cardiographs of different sizes—and periods—connected with 
the same writing tambour, 


Fig. 7. Tracing of a voluntary contraction obtained by the smaller 
tambour. After the contraction ceased, the tambour was tapped (A) to make 
it register its period. This corresponds to the oscillations of the curve of 
contraction. 

Fig. 8. Tracing of a voluntary contraction obtained from the larger 
tambour. The period of the tambour seen at A accounts for the oscillations 
in the contraction curve. : 

Fig. 9. Tracings taken by cardiograph applied to the thigh muscles of a 
rabbit; the animal was stimulated by interrupted shocks applied to the upper 
dorsal region of the cord. _ | 

_a. The cord stimulated 10 times a second. 

b. The cord stimulated 20 times a second. 

c. The cord stimulated 30 times a second. 

Fig. 10. In this curve the rough oscillations of the tambour are at first 
seen, as the contraction goes on the more rapid vibrations (30 per second) 
come in and are compounded with the rough oscillations. 
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THE INFLUENCE OF CERTAIN SALTS UPON THE 
ACT OF CLOTTING. By SYDNEY RINGER, MD.,FRS., 
HARRINGTON SAINSBURY, MD. MRCP. Phys. 
Royal Free Hospital and Assistant Phys. Victoria Park Hospital. 


THE experiments about to be detailed were begun with the object of 
determining how the act of the coagulation of the blood might be 
influenced by the presence of certain salts. In the first place the 
enquiry was limited to the clotting of blood, but subsequently it was 
made to include the clotting of other fluids. Inasmuch, however, as the © 
coagulation of blood is the most familiar instance of clotting, the experi- 
ments with this fluid have been the most numerous and they have 
formed the nucleus, as it were, of our investigations. | 

The problem of the coagulation of blood, as it now stands, recognizes 
three factors in the equation : 

(1) a coagulable material, 
(2) a ferment, 
(3) certain salts. 

Of these three factors, it is the first two which have attracted the 
greatest amount of attention. The last, it is true, has not escaped the 
observation of workers, either in the past’ or more recently’, but still, 
in comparison with the first two, it has been neglected, and hence we 
find even in the latest text-books of physiology, vague if not tentative 
statements with regard to the part played by salts in the act of clotting. 
We have sought to develop this third term. 

The considerations which led up to this enquiry were the following:— 
There is between the act of muscular stiffening in rigor mortis and the 
act of congealing (of the blood) a close similarity. In either act there is 
the passage of a substance from the liquid into the solid state, this 
passage being accompanied as elsewhere by the evolution of heat; 
further there is the development of an acid, as shewn either by actual 


1 Hewson—Davy. See Gamgee’s Physiological Chemistry of the Animal Body, p. 54. 
2 A. Schmidt—Hammarsten, opus cit. Green, This Journal, Vol. vm. No. 6. 


| Freund—Latschenberger, Chlatt. f. Phys., Oct, 26, 1889. 
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_ acidity or diminished alkalescence; thirdly, there is the appearance of 


carbonic acid'\—So parallel indeed are the two processes in their details 
that to quote Prof. Foster we may “speak of rigor mortis as character- 
ised by a coagulation of the muscle plasma, comparable to the coagula- 
tion of blood plasma but differing from it inasmuch as the product is 
not fibrin but myosin*®.”—But the setting of a muscle fibre in rigor 
mortis presents many resemblances to the change of state which a fibre 
undergoes when, during life, it contracts—The analogy holds in respect 
of each of the above-mentioned points, e.g. the development of heat, of 
acidity, and the evolution in each case of carbonic acid. Moreover, 
though Foster insists that the analogy ends here, we would point out 
that the contracted muscle is denser than the uncontracted muscle, and 
that it has taken therefore one step towards the solid or less liquid 
state*. And again, that the act of contraction seems to prepare the 
way for rigor mortis—tetanizing a muscle facilitating its passage into 


_ the rigidity of death. On all these grounds therefore, even though 


we may admit the physical differences which actually do exist between 
the two states and may allow that there is no “satisfactory evidence of 
the formation during a contraction of any body like myosin‘, is there 
not some justification for Hermann’s view —— a contraction is a 
physiological and transitory rigor’? | 

From the comparison between muscle in rigor mortis and muscle in 


contraction we pass directly to the comparison between the contraction _ 


of muscular fibre and the act of the clotting of blood. 

‘Previous experiments with contracting muscle had shewn us that 
the presence of certain salts exerted a marked effect on the act of con- 
traction. For instance, it was found that an artificial saline circulating 
fluid which should efficiently keep going the excised frog-heart must 
contain either calcium or strontium as one element. By an artificial 
saline circulating fluid, we mean a fluid composed of inorganic constitu- 
ents alone. Further we had found that, in larger quantities, salts of 
potassium and salts of lime, introduced into an artificial blood mixture 


1 Strassburg (Pfluger’s Archiv), Vol. v1. p. 65; 
Tension of CO, in arterial blood = 21:28 mm. Hg. 
Tension of CO, in venous blood = 41°04 mm. Hg. 
Tension of CO, on coagulation = 61°79 mm. Hg. 
2 Foster. Text-book of Physiology, Ed. v., p. 99. 
* Hermann we note urges this amongst other points in favour of the analogy between 
muscular contraction and rigor mortis. See Landois, Ed. v1., p. 579. 
* Foster, op, cit., p. 103. 
5 Hermann, loc. cit. 
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circulating through the excised frog-heart, were strongly antagonistic in 
their action upon the heart; thus, whilst the addition of potassium salts 
in increasing percentage would cause the contractions to grow weaker 
and weaker till finally there was complete abolition of spontaneous beats, — 
and the ventricle moreover would give no response even to the strongest 
electrical stimulation, the addition of a lime salt would gradually remove 
this restraint and the ventricle would recover its excitability and respond 
_ to stimulation by vigorous contractions. Clearly the potassium salt in 
this experiment. had so modified the muscular tissue that it had become 
a incapable of passing through those molecular changes proper to the act of 
contraction. As clearly the lime salt had undone the work of the potassium 
- salt—the interference was more or less complete. The molecular changes — 
of contraction represent however, whatever view we take of their exact 
nature, a passage from higher to lower; they are catabolic, The 
muscular fibre before the act of contraction is a more vital, i.e. potential 
tissue than it is the moment after contraction. The restoration to the 
tissue of its former potency must indicate the exact reversal of this 
process; the molecules are again built up into a state of unstable es 
librium, the change is anabolic. 

Regarding thus the process, the lime salt might be described as 
catabolic in its function, the potassium salt as anabolic. But however 
described, if the analogy between muscular contraction and clotting 
should hold, a similar relation of the salts of potassium and lime to the 
act of clotting was likely to obtain. We were thus léd to — the 
results actually gained. 

Our method of experimenting has been as follows :— 

To a series of flasks each containing a given quantity, 100 cub. ‘inal 
or 50 cc. of the coagulable liquid, the salines have been added in 
ascending quantity. First, those salines which have a tendency to 
prevent the formation of clot. This series has been controlled by a 
flask containing the liquid of the experiment, without any saline 
addition. Next, and side by side with this series, another set of flasks, 
the exact counterpart of the series just described, with the addition 
however of a salt whose tendency is to favour clotting. In this second 
series, therefore; a double or antagonistic action is at work. In most 
cases this series also had its control, i.e. its flask containing the coagul- 
able liquid plus the catabolic salt alone. 

The salts we used were the chlorides of sodium and potassium and 
the chlorides of calcium, strontium and barium, and we worked with 

large quantities of these substances, adding for instance of the chlorides 


a 
‘= 
WY 
a 
> 
a 
a 
4 4a 
. ~ 


372 RINGER AND H. SAINSBURY. 


of sodium and potassium sufficient to make the coagulable liquid contain 
from 0°5 °/,—3°/, or even 4°/,. 

Of the chlorides of lime and barium and strontium we used as a 
rule 2 c.c. of a 10 °/, solution for every 100 c.c. of the coagulable liquid. 

Experiments with blood : 

For the most part we have worked with the blood of the cat, but 
some few experiments were made with sheep’s blood and bullock’s blood. 
The results obtained have been so uniform that it will be unnecessary to 
describe in full more than one or two experiments out of each set. 


Experiment vil. (Blood series) 

The experiment was started at 10 a.m. on Dec. 7, 1889:— 

A cat, completely narcotized with chloroform, was bled from the carotid 
and the blood received directly into a solution of sodium chloride, 0-6°/, in 
distilled water. One volume of blood was added to 19 volumes of saline. 

Into each of four series of flasks 100c.c. of this blood mixture were 
poured, plus additional quantities of salts, viz., 

of sodium chloride sufficient to make ) 

05°/,, 1°/, 2°/, and 3°/, solutions. Series A. 

of potassium chloride similar quantities. Series B. 

The third row contained the same quantities of NaCl as series 4, but each 
flask received in addition 2 ¢.c. of a calcium chloride solution of 10 °/, strength. 
Series 4’, 

The fourth row was a repetition of series B + 2c.c. of the CaCl, solution 
in each flask. Series B’. 

This experiment was controlled by a flask containing 100 c.c, of the simple 
blood saline, | 

The above percentage figures refer simply to the quantities of salt added, 
they do not take into account the 0°6°/, NaCl present in all the flasks. 


Ai the end of four hours. The flasks’ of series A’ were all clotted 
and in the jelly-stage, with the exception of the 3 °/, flask. 

Of series B all the flasks were clotted; in the 0°5°/, flask the clot 
was considerably contracted, in the 1°/,,2°/,, 3°/, flasks it was in the 
jelly-stage. 

In the control and in A and B there was no clotting. 

At the end of 24hrs. There was still no clotting in the control nor 
in A or B; all these flasks had given an abundant corpuscular sediment. 

In A’ all the flasks were now clotted; the 0°5°/, flask shewed con- 
siderable contraction of the clot, to not quite } of the bulk of the fluid; 

the other flask little, if any, contraction of the clot. 
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In B’ the clots in the 05 °/, and 1°/, flasks had shrunk to small 
button-like masses of about equal size, whilst the 2°/, and 3°/, flasks 
shewed bulky clots about 44 of the fluid volume. 

After 48hrs. There was still no clotting in the control and none in 
series A, In series B there was a doubtful flocculent separation in the 
fluid of the 0°5 °/, flask ; no change in the other flasks of this series. 

In A’ further contraction of the clot in 05°/, flask, rest very — 
voluminous. 

In B slight further contraction of the clots, but these still voluminous 
‘in 2°/, and 3°, 

After 72hrs, Still no clotting in control or in A. In B, 05°/, a 
slight clot. 

After 96 hrs. A further doubtful clotting in the 1°/, flask of B. No 
clotting in the 2°/, or 3°/,; none in control or in A. 

After 120hrs. A slight clot was seen in the control but none in A. 
No change in B. 

Meanwhile the clots in A’ and B’ had undergone some further con- 
traction but in the 2°/, and 3 °/, they were still very bulky. 

At the end of the 6th or 7th day (? which) the fluids were filtered and 
there was found: in the control a small quantity of loose clot in A, a 
small quantity of clot in 0°5°/, and 1°/,; in the 2°/, it was doubtful ; 
in the 3°/, there was none. 

In B there was clotting in all the flasks, but it was minimal in the 
3°/, and very slight in the 2°/,; in the 1°/, and 05 °/, the clotting was 
only slight. 

This experiment, which as such or with slight modifications has been 
several times repeated and always with the same results, teaches: 

(1) the delaying influence of the salts NaCl and KCl on the clotting 
process, 

(2) that the sodium salt is rather more powerful than the potassium 
salt in this respect. 

(3) the influence of lime in favouring clotting as shewn by its 
complete antagonism both of the sodium and potassium effect; and it 
must be observed not only that lime overcomes the influence of Na and 
K but that it also greatly accelerates the act of clotting. In the lime 
series again the greater restraining influence of Na than of K is shewn 
by the lime effect being most pronounced and appearing earliest in the 
series B’, 

There are some other points which call for notice in this experiment, 
viz., the preservation of the red corpuscles—all the flasks clearing 
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nearly completely by corpuscular subsidence, and also the great varia- 
tion in the degree of contraction of the clot. To these points we shall 
refer subsequently. 

On Dec. 10, 1889. Another experiment (VIII. in our series) was — 
performed, which in all points was the exact counterpart of the one just 
described, excepting that we worked with a potassium chloride solution 
of 0°5°/, strength instead of a 0°6 °/, NaCl solution. The cat ’s blood was - 
diluted as in the preceding experiment twenty times. 7 

5 hrs. after the commencement of the experiment all the lime flasks 
were in the jelly-stage, whilst of the non-lime flasks only the 0°5°/, B 
was clotted. The control was thick but not distinctly clotted. 

7 hrs. from the beginning, the control shewed a voluminous clot, 
but there was no other clotting in these non-lime flasks excepting in the 

B. 
It was not till 72 hrs. had passed that some clotting appeared in the 
1°/, B, and that then some clotting also appeared in 0°5°/, A 
- At the completion of the experiment, after 120 hrs. (five days) the 
higher percentages 2°/, and 3°/, of A and B shewed practically no 
clotting and the lower percentages comparatively little. The clotting 
in A was decidedly less than in B. 

In the firmness of the clot there was a striking difference between the 
lime and the non-lime series, the former being much firmer. | 

In this experiment the restraining action of KCl and NaCl over 
clotting is evident, especially in the higher percentages; and the restraint 
of potassium is seen to be less than that of sodium. This is well seen 
on comparing the controls of this and of the previous experiment. The 
influence of lime in facilitating clotting is strongly marked. 

The amount of contraction of the clot was much less in the lime 
series of this last experiment than in the former. This we shall refer to 
later. 

In the first experiment of the blood series, begun on Nov. 21, 1889, 
we worked with cat’s blood diluted twenty times with 0°6°/, NaCl, using 
this in two series of flasks. | 

The Ist series contained potassium chloride in ascending — 
from 0°5 °/,—4 "le 

The 2nd series contained KCl in the same strengths plus a fixed 
quantity of CaCl,, viz. 2 cc. of a 10°, solution to 100 c.c. of the blood 
mixture. 

The control to the 1st series contained the blood mixture candy: 

The control to the 2nd series contained the blood mixture + the lime. 
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. Within 8 hrs. there was clotting in the control + lime, and in the 
05 °/, and 1°/, and ? in the 2°/, flasks of the lime series. _ 

Within 24 hrs. all the lime flasks were clotted, whilst only the control 

of the Ist series was clotted. 

Only after 48 hrs. were filmy clots seen in the ~e of the non-lime 
‘series. 

After 72 hrs. the fluids of series 1 were filtered, and upon now adding 
4 c.c. of a 10°/, solution of CaCl, to these flasks, fresh clotting took 
place in all the flasks except the 4 */, and within 24 hrs. 

On refiltering and adding 2 cc. more of lime chloride a slight. 
separation of clot was again observed, but only in the 4°/, and 3°, 


flasks. 


This experiment shews in yet another way the influence of lime in 
favouring clotting, and the restraining influence of KCl. | 

Having established the influence of lime in accelerating clotting, we 
next proceeded to test the influence of the allied elements strontium and 
barium, A 10°/, solution of the chloride of each was employed. The 
experiments made were exactly similar to those just described, with the 
exception that the calcium chloride was replaced by strontium chloride 
and barium chloride. It will be sufficient if we give the results 
simply:— 

Strontium chloride acts like calcium chloride but it is rather less 
powerful. The clots produced are much less contracted and definite’. 

_ Barium chloride acts like calcium chloride but it is less powerful. 

The clots produced appear later and contract less than for calcium. 

In the strontium chloride and barium chloride experiments, the 
restraining influence of NaCl and KCl shewed itself as usual. 


Experiments with pathological fluids. 

The influence of sodium and potassium chlorides and of calcium 
chloride on the clotting of the fluid of ascites and of pleurisy has been 
tested in the manner already detailed. Six experiments have been 
made—five with ascitic fluids—one with pleuritic effusion. In three of 
the ascites cases there was associated disease of the kidneys—the other 
two peritoneal fluids were from the same patient (two different tappings) 


1 The cat’s blood was received directly into a solution of NaCl 0°5°), as against 0°6°/, ; 
it is probable that this difference in strength will in part account for the less definite 
character of the clots and the smaller degiee of contraction. If this be so it will make Sr 
approach more nearly to Ca. 
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who was suffering from cirrhosis of the liver—the fluid in this case was 
slightly bile-stained. There was a great variety in the characters of the 
fluids, some being highly albuminous and becoming almost solid on 
boiling after acetification, whilst one was a thin opalescent fluid yielding 
but very little albumin to the same test. The spontaneous clotting of 
these fluids severally differed much. In three cases there was a marked 
tendency either to a slowly progressing clotting or to the repeated . 
separation of clot—for repeated filtrations would be followed by repeated 
clotting. In some cases the clotting was bulky, in others very slight. 

It was a curious fact noted more than once that fluids which were 
distinctly putrid would still be capable of clotting. 
a spite of the very variable characters of these fluids the infltience 
of lime in accelerating and of sodium and potassium in restraining 
clotting was distinctly manifest. 

The restraint of potassium was less than that of sodium, and it was 
therefore more easily antagonized by the lime. 


Experiments with milk. 


We have repeated with milk the previous investigations. In the 
first instance we diluted the milk 10 times, but though in this dilution 
we obtained quite definite results, yet we found by a control experiment 
that far more striking results were to be obtained with undiluted milk, 
accordingly we used this thenceforward. In these experiments it was 
necessary to introduce another factor from outside for milk not being a 
spontaneously coagulating fluid, except by a process of acid fermentation 
which we were not anxious to induce, it was necessary to add the 
required ferment. We chose, for this purpose, an ordinary commercial 
essence of rennet, and this proved perfectly satisfactory. 

We will give as a specimen the details of one experiment. 


Jan, 27, 1890. 

Fifteen flasks, each containing 50 c.c. of undiluted milk were arranged as 
follows : 

Series A. Three flasks, each containing sodium chloride in the following 
percentages, 0°5°/,, 1°/,, 2°/,. 

Series B. Three flasks, each containing potassium chloride in the following 
percentages, 0°5"/y 1%/y 2°/y 

Series A’ the same as A, but in addition each flask received lec. of a10°/, 
solution of calcium chloride. | 
Series B’ the same as B, plus 1 c.c. of a 10°/, of CaCl,, 
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_ The double saline series was controlled by a pure milk flask. 
The double lime series was controlled by a milk + lime flask. 
These 14 flasks each received 1 c.c. of the essence of rennet to render them 
spontaneously coagulable. 
Finally to control the whole series of 14 flasks, the 15th contained _ 
milk only (i.e. milk without rennet), 
The experiment was started at 10°30 a.m. The r room was warm. 


These were the results: 

2 hrs. 50 sec. after. All the lime flasks with the doubtful exception 
of the 2°/, A’ and B’ were clotted; the jelly was firmest in the control 
+ lime, next in the 0°5°/, A’ and B’, next in the 1°/, A’ and B’; in the — 
2*/, A’ and B’ the milk if not already in the jelly-stage was certainly 
_ thicker than in the non-lime flasks. 

No clotting in any of the non-lime flasks. 

At 4hrs, from the commencement of the experiment, all the lime 
flasks were clotted, none of the non-lime flasks were clotted, but the 
control of this series shewed thickening of the fluid. 

At 7 hrs, the non-lime control was in a loose jelly. 

A, 0°5°/, a loose jelly ; 1°/, a loose jelly; 2°/, not clotted. 

B, 0°5 °/, a firmer jelly; 1°/, less firm; 2°/, not clotted. 

The clotting in A and B was less firm in the 1°/, than in the 0°5 °/,, 

Lime series as before; clotting in all much firmer than in the non- 
lime series. The clotting in the control here was so firm that the flask 
could be inverted without any escape. The 0°5°/, of A’ and B’ were 
also very firm, though not quite so firm as this. The flasks of B’ shewed 
slight separation of whey. 

At 23 hrs. the whole series of 14 flasks had clotted. The pure milk 
control was unclotted: The milk in the 2°/, A and B was in a semi- 
solid state. 

At this stage most of the lime flasks shewed a separation of whey 
(contraction of the clot), the KCl flasks more than the NaCl. 

The non-lime flasks shewed no separation of whey, i.e. no contraction 
of the clots. 

The milk at this stage was still alkaline in reaction. | 

At 48 hrs, all the flasks smelt sour—the pure milk control was still 
unclotted. 

Contraction of all the clots with further separation of whey—this 
more marked in the lime series. On turning out the clots there was a 
striking contrast between the firmness of the 2°/, A’ and B’ and the 
softness of the 2°/, A and B. 

PH. XI. 26 


) Ag > 
ay 
<4 
oF 
3 
3 
‘ 
+4 
ry, 
os 
ig 
om 
at] 
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On Jan. 28th this experiment was repeated with the addition of a 


3°/, flask of NaCl or KCl to each series, A, B, A’, B; in all there were 


19 flasks. 

The results obtained were precisely esting The 3°/, NaCl (A) was 

not clotted at the end of 24 hrs. though the 3°/, KCl flask was. 
_ At the end of 48 hrs. the 3 °/, NaCl was found clotted. 

In all, four experiments with lime were made—each experiment gave - 
the same result. The conclusions to be drawn were :— 

Lime assists powerfully the clotting of milk by rennet. | 

The chlorides of sodium and potassium retard this clotting, and N aCl 
more effectually than KCl. 

The delaying action of these salines is obviated by the addition 
of chloride of calcium to the liquid. 

With strontium chloride and with barium chloride similar experi- 
ments were made. These substances were found to act like calcium 
chloride. They were however distinctly less powerful, clotting being 
considerably delayed. The same quantities of these chlorides were 
taken as of the calcium salt, the experiments being in every respect 
similar to the one described above. 

We may at this point contrast the two fluids blood and milk in 
respect of their physical state, because they are so constituted as, in 
comparative experiments, to enable us to gauge the rate at which clotting 
has taken place. Blood holds suspended particles, the blood cells, which 
being heavier than the plasma slowly subside. Milk holds suspended 
particles, the oil globules, which being lighter than the suspending fluid 
gradually rise. If whilst one or other fluid is thus clearing itself the act 
of clotting takes place we have in the thickness of the layer of corpus- 
cular subsidence or of supernatant cream a means of estimating whether 
the act of coagulation took place earlier or later in one of two or more 
flasks, This is of course not a practical test except in cases of con- 


_ siderable difference, but it was exceedingly well illustrated in our ex- 


periments, for in the lime flasks, and especially in the controls + lime 


and in the smaller percentage flasks, clotting would sometimes occur so 


early that there would be either no subsidence at all and no cream 
or but the scantiest layer of each, whilst all the non-lime flasks would 
shew a thick layer of corpuscles or cream. 

It is of some importance therefore, in blood experiments, that the 
red corpuscles shall be preserved. This we have found to be a matter of 
considerable delicacy, very slight differences in the artificial plasma 
being sufficient to preserve or break up the red cells, the latter process 
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taking place very rapidly. For example, cat’s blood received into a 
sodium chloride solution 0°6°/, is but little acted upon, as to its red cells, 
_ the fluid becoming almost colourless by their subsidence. On the other 
hand the same blood received into a 0°5°/, of NaCl suffers rapid dis- 
integration of its red cells with diffusion of their contents’. 

Other changes appear to be effected at the same time, for a fluid in 
which the corpuscles are thus broken up appears to clot more readily, 
i.e. sooner, but the clot does not contract like the clot: formed in the 
0°6°/, NaCl blood: the fibrin or the fibrin yielding substance must 
have undergone % some change”. We have several experiments on this 
point. 

These are side issues—to return to the main question: the positive 
influence of lime in favouring clotting: the adverse influence of the salts 
of potassium and sodium on this act: the mutual antagonism of lime on 
the one hand and of sodium and potassium on the other. 

First the influence of lime: 

Hammarsten shewed that the addition of calcium chloride to some 
specimens of hydrocele fluid which would not clot on the addition of the 
fibrin ferment would cause the separation of more or less fibrin; in 
fact would act like paraglobulin. Of the action of calcium chloride on 
a blood. mixture — of spontaneous clotting we have found no state- 
ment referred to him. - 

Green‘ more recently has taken up this Sethe point, at least so far 
as the element calcium is concerned. According to his investigations 
calcium is essential to the act of clotting in blood, but we are led to 
infer from his statements that the lime must be in the form of the sul- 
phate of calcium’. On p. 365 he states definitely that calcium chloride 
is inoperative. Green certainly establishes the influence of calcium 
sulphate on coagulation. He worked with very small quantities. 


_ 1 We were working with blood diluted 20 times with such salines. 

2 Blood received into an 0-5°/, KCl (one part of the former to nineteen of the latter) 
suffers rapid disintegration of its red cells—the fluid clots more rapidly but the clot con- 
tracts comparatively little. If a series of flasks be started with this saline, then one of 
these flasks will contain the following constituents: 0°5°/, KC1+05°/, NaCl+CaCl,, 
and this flask will have its counterpart in the series in which the 0-6 °/, NaCl was used, 
for one of these flasks will contain 0°5°/, KC1+0°6°/, NaCl+CaCl,, therefore practically 
identical quantities of salines—yet this latter will yield a good contracting clot, whilst the 
former whose corpuscles have been first broken up by the 0°5°/, KCI yields — very 
indifferent clot. 

3 SeeGamgee. Phys. Chemistry, p. 52. 

* This Journal. Dec. 1887. Vol. vim. No. 6. 

5 See in particular, p. 370. 
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Latschenberger'’ quotes Freund’ to the effect that the separation 
_ of insoluble phosphate of lime, a constant element in the ash of fibrine, 
is the sole cause of the clotting of serous fluids. L. on the other 
hand finds that calcium chloride is as effective as a mixture of calcium 
chloride and rhombic phosphate of soda. He suggests that it is probable 
that without calcium salts clotting will not take place. 

Our own experiments with calciutn chloride leave no doubt as to the 
efficacy of this salt, and make it clear, we think, that we have here to 
deal with a generic action which will include, probably, all salts of lime 
in greater or less degree. The solubilities of the several salts of lime 
will probably control this to a great extent. | 

Next, have the allied elements strontium and barium, any resem- 
blance to calcium in respect of an influence on clotting? Green 
answers this in the negative so far at least as the sulphates of strontium 
and barium are concerned. But whilst it is quite possible that this is 
so—we would point out that a negative statement in respect of such 
insoluble salts as strontium and barium sulphate would prove little’. 
Our own experiments prove that the chlorides of these three elements 
have a similar action. Hammarsten had already established this 
similarity of action for the clotting of milk‘, he moreover adds the allied — 
element magnesium to the list of similars. We find that the simi- 
larity of action of barium, strontium and calcium holds for blood as 
well as for milk. 

We should a priors be prepared to find that this action of barium 
and strontium is again a generic action. We have however no experi- 
ments on this point. 

The restraining influence of the oe of sodium and potassium on 
clotting must now be considered. Schmidt drew attention to the im- 
portance of the presence of salts for the act of coagulation if only for the 
purpose of holding in solution the fibrin factors’. He appears to have 
found that the addition of NaCl up to.1°/, to a weak sodium hydrate 
solution of the fibrin factors facilitated clotting. In our experiments 
we always found slight delay in clotting with this strength of sodium 
chloride which would correspond to our weakest sodium chloride flask, 

1 « Physiologie des Blutes.” Cb. f. Physiologie, Oct. 26, 1889, 
2 Wiener, Medecin, Jahrb. p. 259, 1888. 


’ CaSO, is soluble in cold water in the proportion of 1 : 400 


» BaSO, is insoluble. Chemiker Kalendar. 
4 Hermann, Vol. v.a. p. 54. 


5 Gamgee. Op. cit. pp. 53, 54, 
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for the labelling of this flask 0°5°/, simply indicated the additional 
amount of NaCl; there was already the 0°6°/, NaCl present in the 
saline with which we diluted the cat’s blood; the actual percentage of 
the flask would therefore be 0°6°/, + 0°5 om It was however in the 
higher percentages that the restraint was most marked. 

It is of interest to note that the restraining action exerted by sodium 
salts is greater than for potassium salts: since sodium salts are par 
excellence the salines of the fluids of the body. It is also important to 
note that whereas the salts of these two bases stand near together by 
their action upon the clotting process they are very far apart in their: 
action upon muscular contraction. This makes a flaw in the analogy 
between clotting and contraction. 

The adverse influence of sodium and potassium shloside is opposed 
by calcium chloride. The establishment of this antagonism is the chief 
purpose of this paper. Here is an act, coagulation, which demands as 
essential factors the presence of a certain amount of a sodium salt, the 
presence of a certain amount of a lime salt; increase the amount of the 
sodium salt beyond a certain limit and ‘die act of clotting is impeded, 
increase the amount of the lime salt and the restraint is partially or 
completely overcome’. Of what nature is the restraint, of what nature 
the favouring action? Sodium salts in general are both soluble and 
solvent, calcium salts in general are relatively insoluble and but little 
solvent, and it is tempting to seek a simple chemical interpretation of 
the problem and consider that we have in the one instance a relatively 
soluble compound of sodium with fibrinogen or with fibrin, in the 
other, a comparatively insoluble calcium compound with the proteid. 
There are however objections to this simple view. Green discusses 
the point in reference to the action of CaSo,. 

Then, inasmuch as the act of clotting must be regarded as one of 
descent from higher to lower, from less stable to more stable—an 
instance therefore of catabolism—the persistence in the fluid state may 
_ be regarded as one of upholding, a maintenance in a condition of higher 
potential, analogous to a building up: an instance therefore of anabolism. 
We may accordingly take the view that lime salts favour the process of 
degradation, whilst the sodium and potassium salts favour building up. 

The antagonistic action of potassium salts and of lime salts on the 
contraction of muscular fibre, on the theory that contraction is analogous 
to clotting, would fit in with this view. But an objection here is that 


1 We did not push the quantity of lime to see if it had a far limit to its favouring 
action i in excess of which, clotting became restrained or suspended. 
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the action of sodium salts on the contraction of muscular fibre is far 
weaker than that of: potassium salts, reversing therefore the relative 
action of these salts on clotting. 

It is possible that the view put forward by Gamgee, in explanation 
of the antagonism of certain salts in respect of clotting, will hold in some 
cases. He suggests for instance that when in certain cases the addition 
of CaCl, to hydrocele fluid + ferment sets up clotting the cause may be 
the decomposition of the alkaline carbonate present in this fashion :— 


Na,CO, + CaCl, = 2NaCl + CaCoO,. 


His suggestion therefore amounts to chemical incompatibility as the 
cause of the antagonism. This may hold in cases where there is the 
separation of an insoluble substance, e.g. CaCO,, but where after the 
addition of the antagonizing salt there is no such precipitation the ex- 
planation amounts to no more than the bare statement that in some 
way or other the salts do interfere with each other. 

We must leave this matter here; there remains however to be said 
that when we speak of clotting we speak of a process liable to great 
variation and in different directions, e.g. the same amount of fibrin may 
be separated at very different intervals of time—rate of clotting; 
the same bulk of clot may include very variable amounts of fibrin: 
quantity of clotting, and conversely the same quantity of fibrin may 
occupy very different amounts of space, according to the degree of 
contraction of the clot. 

We have dealt chiefly with rate of clotting and degree of contraction 
of the clot, and have not hazarded any judgment as to the amount of 
fibrin separated, excepting where equally bulky clots are unequally firm. 
The firmer clot in such case we have concluded to contain at least as 
much fibrin as the less firm. This question has not really been touched 
_ upon in the paper; we mention it only in order that it may not be 
thought that this aspect of the question has been overlooked by us. 

Rate of clotting and degree of contraction we have found to vary 
remarkably in our experiments. The firmest clots and the most con- 
traction clots we have obtained with the following saline combination. _ 


Blood saline (1 vol. of blood—19 vols. of 0°6 Io NaCl). 

0°5°/, KCl and 1 °/, KCl. 

2c.c. of a 10°/, solution of calcium chloride for every 100 cc. of 
blood saline. 


In some cases the 1°/, KCI flask gave the most rapidly contracting 
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clot, in others the 0°5°/,, but either rapidly followed the other’s suit, 
and the ultimate degree of contraction was about the same for both. 

Other things being equal we conclude that the act of clotting is most 
efficiently performed the firmer and the more contracted the clot pro- 
duced, and accordingly we conclude further that a number of constituents 
share and are necessary to the act of clotting, and that for the greatest 
efficiency of the act definite quantitative relation must exist between 
these constituents. Till this quantitative relation is reached it is possible 
_ that the saline constituents cooperate with each other, and that antago- 
nism comes in only when this limit has been overstepped. 

To sum up our results and conclusions, they are as follows :— 

(1) Confirmation of Green’s statement that calcium is an essential 
to the act of clotting. | 

(2) Amplification of his statement by the determination that calcium 
chloride is a very efficient salt in favouring clotting, and conclusion there- 
fore from Green’s, Latschenberger’ s, Freund’s and our own experi- 
ments that the effect of calcium is a generic effect belonging probably to 
all the salts of calcium. 

(3) Determination that strontium and barium act like calcium but 
are less powerful. 

Suggestion that this action will probably be found to belong to the 
salts of strontium and barium generally: the action of course being 
controlled for these bases as for calcium by the solubilities of the salts. 

(4) Determination of the restraining action of potassium and sodium 
salts: the potassium effect being less than the sudium effect. 

(5) Antagonism of the salts of lime, strontium and barium on the 
one hand, and of potassium and sodium on the other. 
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ON THE PHYSIOLOGICAL MECHANISM OF THE 
PHENOMENON TERMED “TENDON REFLEX.” By 
AUGUSTUS D. WALLER, MD. 


RECENT papers by Dr Lombard on Tendon Reflex published in this 
Journal and in du Bois-Reymond’s Archiv, and by Drs Bowditch 
and Warren, have led me to review the state of the question, and to 
reconsider the experimental and other data upon which the answer 
rests. I may say at once in anticipation of the conclusion of this 
‘paper, which will deal particularly with time-measurements taken 
upon the rabbit, that the answer to this question is identical with 
that which was given by my observations on man in 1880, and on 
the rabbit in 1881—i.e. the contraction is not “reflex” but “ direct.” 

The evidence bearing on the question comes under one or other of 
the following headings: 7 

1. Measurements of the lost time of the tendon phenomenon in 

comparison with the lost time of direct and of reflex muscular 
contractions. | 

2. Measurements of the lost time of tendon phenomena in muscles 
at different distances from the spinal cord. 

Clinical observations. | 
Experimental section of nerves and of nerve-roots. 
Destruction of the spinal cord. 

Muscular tonus. 

Crossed tendon reflex. 

The answers which have been given by various authorities have been 
to the following effect : | 

I. The phenomenon is a reflex action. 

II. The phenomenon is a direct muscular contraction. 

Ill. The phenomenon is a direct muscular contraction; 
the integrity of the nervous arc is its sine qua non con- 
dition. | 

As regards direction of evidence, it is clear and undisputed on all 
hands that clinical observations supplemented by the effects of 
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section of nerves or of nerve-roots and of destruction of the spinal cord, 
prove that the integrity of the nervous arc is a necessary condition. 

The phenomenon is abolished, 

(1) by destructive disease of the whole transverse area of the spinal 
cord, or of only the anterior cornua, or of only the-posterior root zones. 

(2) by section of the mixed nerve of the limb, or of only its 
posterior roots, or of only its anterior roots (Bibl. 3). 

(3) by abolition of the function of the spinal cord through experi- 
mental anemia and deep anesthesia (Bibl. 3, 17). 

In a word, the phenomenon is abolished by any and every interruption 
of the reflex arc. If the facts had been the other way, if in short the 
tendon phenomenon had not been abolished by interruption of the reflex 
arc, the question would have been answered definitely to the effect that 
the phenomenon is a direct muscular contraction, but it by no means 
follows (as might at first sight seem to be the case, and does so seem to 
some authorities) that the facts as above accepted prove definitely that 
the phenomenon is not a direct but a reflex contraction. Only the 
second answer is eliminated, not the third, and we are at this stage left 
in presence of the first-and third of the three possible answers enume- 
rated above, viz. 

I. The phenomenon is a reflex action. 

III. The phenomenon is a direct muscular contraction; but. the 
integrity of the spinal nervous arc is its sine qua non condition—with 
_a considerable balance of presumption in favour of answer I. 

Proceeding from the presumption thus reached, confirmatory evi- 

dence of the reflex nature of the phenomenon was sought for by means 
of time measurements, and unfortunately for the settlement of the 
question, what was looked for was at first found, viz. a lost time 
amounting to ;%,ths second (Bibl. 10), which was used as evidence to 
finally prove the reflex character of the action. It was at this stage that 
I first took measurements of the interval in question, expecting only to — 
verify not merely a probable but a proved result. I found however 
(Bibl. 12) that the result was not verified, but that the actual length of 
the interval between percussion of the ligamentum patelle and con- 
traction of the rectus femoris on man is between ;3, and ;45 second, 
while (by means of the same instruments used on the same muscle of 
the same man) I found that the length of the interval between 
percussion of the muscle and contraction of the same was ;3, second, 
that between electrical excitation (by continuous or by induced currents) 
and contraction was ;3, second. This I regarded and do still regard as 
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the principal evidence in disproof of the then generally accepted reflex 
theory. It was however apparently misunderstood or overlooked by some 
of my readers, owing I must admit to my having omitted to state what 
I assumed to be common knowledge, viz. that on man any reflex 
movement of a limb occurs at least ;4, second after the stimulus, and it 
may therefore be clearly restated in this place. 


Hundredths of 
Data Man — Character 
1. Interval between percussion of the direct 
_ ligamentum patelle. and contrac- | 
tion of the rectus femoris = $ to 4 
2. Interval between percussion and direct 
contraction of rectus femoris = 3 
3. Interval between electrical excita- direct 
tion and contraction of rectus 
femoris = 2 
4. Interval between stimulation of the reflex 
skin and movement of the thigh = 10 to 15 | 


Conclusion. It is highly probable that the “tendon-phenomenon ” 
is a direct muscular contraction; the integrity of the nervous arc is a 
necessary condition of its production. 

The doubtful value which many clinical authorities are willing to 
accord to “ delicate” time measurements as reported by various observers 
is only too well founded. I admit that if various numbers are taken — 
and placed side by side without criticism or explanation, they are most 
inconclusive. If time values are taken by different methods from 
different muscles of different animals, no conclusion can safely be drawn, 
however correctly and carefully the several data may have been obtained. 
A fortiort is this the case when observations have been carelessly taken, 
or taken under the guidance of a preconceived notion. 

As regards the series I have given above, it is to be observed that 
the differences upon which the conclusion is based, are not slight 
differences of delicate measurements, but gross contrast between two 
orders of magnitude, between the series ;3, 53, and 3, to 74, on the 
one hand, and the magnitude 9, to 5, on the other, the unit of 
magnitude (;4, second) being a very large one in relation to physio- 
logical instruments; moreover, that the observations were taken by the 
same instruments on the same muscle of the same individual. I should 
also not omit to state that the method of exploration which I adopted 
at the time was designedly “coarse,” and deliberately preferred after 
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trial of a more “delicate” though in reality less accurate method. 
An elastic bag as explorer was strapped to the thigh and connected 
with the usual Marey tympanum and revolving cylinder. At first the 
instant of percussion, whether of the tendon or of the muscle, was 
recorded in the usual manner by a Despretz signal, the blow of the 
hammer being arranged to complete a circuit. Subsequently it was 
preferred to utilize the mechanical jar communicated by the blow to 
the thigh and air bag, and thus to the recording lever. The advantages 
of this second over the first method were its greater simplicity, and the 
— fact that the percussion had to be transmitted from the tendon to the 
excited muscle, and from this to the recording lever, by the same air 
vessels as those which conveyed the contraction pressure, thus elimina- 
ting the loss of time in the physical transmission of an extensile 
vibration from tendon to muscle and of a contraction pressure along 
the air tubes and vessels of the recording apparatus, The third datum, 
viz. the interval between electrical excitation and muscular contraction, 
was signalled in the usual way by electromagnet, the exciting electrode 
- being strapped in position, its value (although in excess of the normal 
latent period of less bulky muscles) is below that of the previous data 
(#5); but if instead of signalling in the usual way I used the coarser 
device of simply “making” the continuous current by dabbing an 
electrode on the muscle so as to communicate a slight jar to the air bag, 
the latency came out as before ;%,. So that as a matter of fact the 
three data signalled by identical “ coarse” means, came out identical. 
The weak point of these data is the fourth, namely, the normal 
reflex time. We can have no assurance on the normal human subject 
that this is really a reflex from the spinal cord, it is more probably 
a cerebral reaction (sensory), and it therefore remains possible that a 
_ true spinal reflex should be much shorter. If this should be the case 
the conclusion that the tendon phenomenon is direct would not be 
justified. It is for this reason that I have used the expression 
“highly probable.” Moreover it may be urged that we do know that 
Exner’s reflex, viz. the closure of eyelids consequent upon stimulation 
of the conjunctiva, which is the nearest approach we know of on man 
to a pure reflex, is only ;5, second. This item does not however seem 
to me to incline the balance in either direction ; it is the shortest known 
“reflex time,” and it is the reaction of a very mobile muscle of small 
bulk, via very short channels of innervation. Admitting the measure- 
ment (and I have verified it) I do not think that it weighs either way ; 
it is longer than the “direct” intervals quoted above, but not sufficiently 
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so to contrast with them ; it is probably shorter than a true reflex time 
of the leg or thigh but not sufficiently short to allow us to admit a 
rectus femoris reflex time of only 7%, second. In sum it cannot be 
used as evidence in either sense. Probably the only thoroughly 
conclusive datum to include in this series would be that of the reflex 
time taken from the thigh of a paraplegic man, but I have not 
been able to obtain the datum, nor do I know if it has ever been 
ascertained. 

_ I now pass to experiments on rabbits, premising however that the 
time measurements of rabbits are only to be compared with each other 
and are not to be used in comparison with the time measurements of 
man. It will be understood without further argument that the object 
sought for was to examine upon the same animal the data for or | 
against the above stated “highly probable” but not definitely proved 
conclusion in the same order as that just formulated for man. 

I began by comparing the lost times of the tendon phenomenon 
with that of a reflex movement provoked by striking the board on 
which the rabbit was lying. The lost time or interval between stimulus 
and response, is very easily and definitely determined in both cases, 
owing to the sharp and sudden response which is always obtainable. 
The tendon reflex contraction of a rabbit is a single strong twitch 
lasting about j; of a second. The movement which a rabbit makes 


in response to a blow on the table is sharp, sudden and constant, and 


exactly like the reflex start of an animal which is beginning to be 
affected by strychnia. Any one who will take the trouble to repeat 
this very simple experiment will easily satisfy himself that the move- 
ment is a true spinal reflex, and will find that it is so definite and 
unfailing as to be far preferable to reflex movements provoked in the 
ordinary way by cutaneous stimulation. These are less unfailing and © 
more variable, although for the sake of offering one more item of 
evidence I give further on a few such measurements taken on the same 
animal. I may add that the certainty of this simple reflex seems to 
depend upon the partially hypnotic state into which rabbits are prone 
to fall as soon as they are laid on the board ; they are fixed by the head 
only, the rest of the body being at liberty, or they are placed on their 
backs lying in a trough without bond or ligature of any kind, and so far 
from “starting at the slightest sound” they remain immobile to loud 
noises and to flashes of bright light, while mechanical vibration gives 
the unfailing reflex start—slight if the vibration be slight, strong if the 
vibration be strong. 
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I found it more convenient in the case of the rabbit to substitute for 
air transmission a thread Stretching from the limb to a — weighted 
just sufficiently to keep the thread tense. _ 

The numbers obtained in the two series of measurements were as 


follows : 
Interval between. Interval between 
tendon-percussion and blow and reflex 
muscle-contraction. start. 
012” 036” 
012 | 042 
012 042 
012 042 
‘012 .042 
013 036 
012 044 
‘011 ‘036 
044 
012 036 


or subtracting ‘005”, the inecmantonl lost time, and adding -001”, the 
Despretz signal lost time, 


008” 032” 
‘008 ‘038 
008 038 
‘008 038 
‘008 ‘038 
‘009 ‘032 
‘008 040 
‘007 032 
‘008 040 
‘008 032 


The “ tendon reflex ” beapienal. | is thus unmistakeably shorter than a 
true reflex interval; the former is levs than ;4, second, the latter is 
nearly +45 second, 

The next step was to take the direct muscular latency to induction 
shocks with the same animal by means of the same apparatus as that 
which had previously been used. A series of measurements gave :— 


012” or after subtraction of 008” 
‘011 004” for instrumental ‘007 


inertia ‘007 
012 ‘008 
‘012 008 
‘012 008 
‘010 ; ‘006 
‘O11 ‘007 
‘012 ‘008 
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I then took measurements of the interval between percussion of the 
muscle itself and its resultant contraction. The numbers were :— 


‘after correction 008” 


‘012 : ‘008 
013 ‘009 
‘012 ‘008 
‘012 
“O11 ‘007 
‘O11 ‘007 
‘012 ‘008 
‘O11 ‘007 
‘012 ‘008 


Finally I took some measurements of a true reflex interval, using 
stimulation of the skin instead of the mechanical stimulation above © 
described. The numbers were :— 

036” ; 036” ; 04 ” 
or after correction 052”; 032"; 036", 


The averages of the five series of measurements given above are: 


1. Direct electrical excitation of Rectus Femoris 0076” 
2. Direct mechanical excitation of Rectus Femoris ‘0078 
3. ‘Tendon reflex ” ‘0080 
4. Reflex contraction (blow) ‘0360 
5. Reflex contraction (stim. of skin) ‘0333 


An instance of each is given in the figure below, in which five 
cuttiags have been placed side by side. 


| | 


(N.B. The rate of translation of the recording surface is 25 cm. per sec.) 
Rectus Femoris. Rabbit. 

Direct eiectrical stimulation. 

Direct mechanical stimulation. 

**Tendon reflex.” 

True reflex. 

True reflex. 
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This completes the series of data as obtainable on the rabbit, and I 
do not see how we are to escape from the conclusion that the so-called 
tendon reflex is a phenomenon of direct excitation. Its lost time is 
practically identical with that of direct contraction, whereas the lost 
time of a reflex contraction is at least three times as long. 

By other experiments it has been shown that the integrity of the 
spinal arc is a necessary condition, the conclusion to which we are 
restricted is therefore the _— of the three alternatives formulated 
above, viz. 

III. The phenomenon is a direct muscular contraction: ; the 
integrity of the nervous arc is its sine qua non condition. 

This time proof is in my opinion the principal and sufficient 
testimony against those who hold that the phenomenon is a reflex 
contraction. 

No testimony of equal weight is offered on the other side; the chief 
objection urged is that errors of measurement are possible; errors of 
measurement must no doubt be made, but the objection made without 
counter-measurements is not valid, for the errors if they are to be of 
any consequence must be extremely gross and easily shewn up. All 
other objections which have been urged are of an indirect character, 
bearing indeed some relation to the main issue, and therefore legitimate 
arguments to form part of an opinion or an hypothesis, but still not ° 
actually including that main issue. 

_ The first objection made is that the existence of “muscular tonus” 
is very problematical. This is no doubt the case, but the argument for 
or against the reflex character of tendon phenomena does not by any 
means rest exclusively, if at all, upon the arguments for or against the 
more obscure question of “tonus.” No doubt experiments shew that 
the nervous arc must be complete, i.e. that some constant influence from 
periphery to centre and back again is a necessary condition ; to say that 
this is “ muscular tonus” is to make a further hypothesis foreign to the 
main question. 

Recognizing that we are in a side issue, we may, however, pursue it 
somewhat as follows. | 

If experiments shew that a constant reflex influence is necessary 
to the manifestation of the tendon phenomenon, it does not follow that 
such influence is identical with muscular or chemical tonus, however 
probable the identity may be. It is argued that muscular tonus is 
based upon doubtful experiments, and is therefore itself doubtful; this 
may be admitted; but we may not go beyond this and argue that 
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because given observations lead to the conception of an influence 
resembling muscular tonus, therefore these observations are presumably 
erroneous. And whether or no we admit as a fact that the size of the 
knee jerk bears no constant relation to the degree of muscular tonus is 
a matter of secondary importance, which cannot weigh against direct 
evidence. 

The argument in order to be valid must be directed from fact to 
doctrine and not from doctrine to fact. The doctrine of ‘“ muscular 
tonus” however well established would not help to prove that tendon 
phenomena are direct, nor however ill established does it help to prove 
that they are not direct; however well established it would not help to 
prove the existence of a “constant reflex influence” as the sine qua 
non condition of tendon phenomena, nor however ill established does 
it help to disprove the existence of such influence. Again, admitting as 
proved by the observations of Jendrassik (Bibl. 24) that voluntary 
effort reinforces the tendon reaction, the fact has a very remote 
connection with our main issue, and is of itself consistent with all the 
three possible answers enumerated above, inconsistent with none. The 
fact has no intrinsic weight in the discussion, and is to be put in its” 
right place when the discussion has been settled by other and less 
complex evidence. Of still less weight in this respect as direct evidence 
is the fact pointed out by Mitchell and Lewis (Bibl. 27) that muscular 
contractions called out by electricity are not reinforced by voluntary 
effort. Both the Jendrassik and Mitchell-Lewis facts _— 
together are consistent with either theory. 

Dr Lombard observes (Bibl. 32) that occasionally the flexors as 
well as the extensors of the knee are seen to contract in response to the 
blow on the ligamentum patellz. This is certainly the case; the blow 
on the tendon may provoke reflex contraction of the flexors and of other 
muscles, it may initiate a whole series of reflex movements, but these 
have nothing in common with the specific and almost immediate twitch 
of the extensor cruris. That the leg of a man should swing after 
percussion of the tendon in‘such a way as to shew that flexors as well as 
extensors are contracting, or that a rabbit should execute a more or less 
complicated series of movements after the ligamentum patelle has 
been struck proves nothing one way or the other concerning the first 
specific response of the extensor cruris. 

A more definite argument was that a crossed tendon reflex occurs 
(Bibl. 27). This is a fallacy (Bibl. 18). _No doubt if an animal is 
sufficiently excitable it is possible, 1st that the blow to a tendon as to 
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any other part of the animal may give a true reflex act, or 2nd that the 
vibration of percussion may spread along bones to other muscles and 
cause them to contract. The first alternative needs no new experiment 
to support it, the second was shewn by the observations which I made 
‘some years ago in company with Dr Prévost, who urged “crossed 
tendon reflex” as an argument in favour of the reflex theory. We 
tested the point together on rabbits and found that Ist the crossed con- 
traction persisted after all the nerves of the percussed limb had been 
cut, 2nd the crossed contraction failed after the femur of the percussed 
limb had been broken—in other words that the crossed contraction was 
caused by mechanical vibrations propagated through the bone and not 
through nervous channels. 

Finally, among the subsidiary points I may allude to the rate of 
nerve-transmission which by some of the readers of my former paper 
(Bibl. 12) was taken to be my main argument as regards the human 
subject. 

The average rate of nerve-transmission is 50 metres; this according 
to my own measurements is rather above than below the usual average, 
which is from 30 to 50 metres. On a large rabbit, assuming the average 
nerve termination in the rectus femoris to be 12°5 cm. distant from 
the lumbar centre, this implies a lost time of at least ‘005” for nerve- 
transmission, to which add at least ‘005” for the muscular latency and — 
at least 010” for lost time in the spinal grey matter, giving a total 
of at least ‘020” for the complete reflex act. 

We have seen that the normal value of the tendon phenomenon i is 
less than ‘010”, and that the lowest value of a true reflex is over 030”. 
From which we may conclude that the observed tendon-muscle time is 
much too short to be reflex. 

Does the tendon phenomenon return with the regenera- 
tion of the cut crural nerve? If so, when? 

We know that the peripheral end of a divided motor nerve degene- 
rates completely, and is ultimately replaced by a new nerve which 
establishes functional connection with the centre. It is a point of 
obvious interest to learn whether the tendon phenomenon returns with 
restoration of nerve continuity between cord and muscle, and (if it 
returns) at what period of the regenerative process it is first observable, 
and whether gradually or suddenly. If it should reappear early the — 
phenomenon might possibly be utilised as a test; in any case it seemed 
desirable to know whether the phenomenon returned (if at all) before or 
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after the periods when voluntary impulses and electrical stimuli can be 
transmitted along the new nerve fibres. 

I divided the left anterior crural nerve of a young rabbit Heig a 
visit to Paris in December 1888. The small wound rapidly healed, and 
now (June 1890) after the lapse of 17 months the rabbit’s movements 
are undistinguishable from those of other perfectly normal rabbits; 
presumably the divided nerve has regenerated, although of course this 
point could only be conclusively asserted from histological examination ; 
but no tendon phenomenon is obtained by tapping the left 
ligamentum patelle, this test, being in fact the — means of -igsate 
out the animal from sara its companions. 
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REMARKS ON THE CHEMISTRY OF RESPIRATION IN 
THE HORSE DURING REST AND WORK. By Drs 
N.ZUNTZ anv C. LEHMANN, Professors at the Royal Aca- 

demy of Agriculture at Berlin. 


In Vol. XI. No. 1, of this journal there has been published a 
paper of Mr Fred Smith, professor at the army veterinary school, 
Aldershot, on the theme above mentioned. In this publication our 
experiments on the chemistry of respiration of the horse are adversely 
criticised in some points. As this critic is not free from mistakes and 
as English readers may not easily get at our original publication’, we 
wish to answer in this journal by some remarks. 

Prof. Smith evidently has seen our paper, but he did not read it, if 
we understand by reading, his having taken full knowledge of its whole 
contents. Else it would not have happened to him to speak of experi- 
ments with three horses where we only referred to two in our 
publication. And it is only for want of exact reading that his mistake 
is to be explained, when he states that the mask used by us for 
collecting the expired air, was not large enough to allow free dilatation 
of the nostrils, and—horribile dictu—that we compressed the muzzle 
of the animal with a cord. 

We clearly described in our publication that the india-rubber cord 
alluded to served only to join the two parts of the mask, and that it 
only exerted a pressure on the metallic calotte, which formed its lower 


We strongly object to using a mask of greater capacity than that 
absolutely necessary for avoiding impediment to respiration. By so 
doing Prof. Smith has formed a receptaculum, in which the expired 
air is retained, so as to reenter the lungs at the next inspiration. This 
repeated entering of the same air, laden with-carbonic acid, into the 
lungs, produces an accumulation of CO, in the blood and a corresponding 


1 “Untersuchungen iiber den Stoffwechsel des Pferdes bei Ruhe und Arbeit.” Lands- 
wirthschaftl. Jahrbiicher, Bd. xv111. 1889, p. 1. 
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RESPIRATION OF HORSE. 397 


- diminution of its excretion. On the other hand it stimulates the 
respiratory centres and thus increases the volume of expired air. 

The treadmill, which we used as a suitable apparatus for the 
performance of quantitatively measured work, is also an object of 
reproof, Prof. Smith is of opinion that it does not allow normal 
working. Against this we can positively assure that our horses worked 
on the platform of our apparatus as freely and easily as any horse 
drawing a carriage. Prof. Smith’s contention, that our method of 
obtaining muscular work from the horse was unnatural is therefore 
unfounded: we can positively compare it with any other practical 
use of horses—of course only in those paces we have hitherto examined. 
_ Our apparatus was calculated to give an exact measurement of the 
work performed. Without that, a scientific examination of the relation 
between chemistry of respiration and mechanical action is impossible. 
With general expressions, such as “walk,” “trot,” “canter,” &c. the 
quantity of work is by no means defined, especially when horses of 
different size are used. 

Considering now the results of the experiments, we observe that 
our values are in general far greater than those obtained by Prof. 
Smith. This is obvious in each of the factors of the respiratory 
process in rest, and it is still more striking when we consider the 
results obtained in the working animal. The reader will easily recog- 
nise this discrepancy by referring to the following table. As our results 
are given in litres per minute we calculated the corresponding numbers 
from the data, given p. 77, of Prof. Smith’s paper in cub. ft. per hour. 


Litres per minute 

Air CO, | O, ab- . 

Smith 35 | 0°534 | 0:772 | 0°69 
Lehmann and Zuntz. Respiration iN 

through a mask 69 | | 1:722 | 0-92 

Lehmann and Zuntz. Respiration 

through a canula in the trachea 44 | 1-478 | 1601 | 0-92 

Walk { Smith 63 | 0°509 | 0-962 | 0°53 

Lehmann and Zuntz 177 | 4°342 | 4:766 | 0°90 

Trot Smith 136 | 1°835 | 3°056 | 0°59 

Lehmann and Zuntz 333 | 7°516 | 8-093 | 0°93 


The discrepancy of results in the case of trotting appears still more 
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striking, when we consider that our horses trotted only six miles per 
hour, while the velocity varied from 8 to 15 miles in the experiments of 
Prof. Smith. There must further be observed, that the numbers 
obtained by Mr Smith in individual experiments differ enormously 
from the mean, while there are in our case but slight variations of 
the respiratory data when the work done by the horse is identical. 
_ The correctness of our data relating to the consumption of oxygen 
and the production of carbonic acid is moreover controlled by our 
determinations of the quantity of nutritive substance which the animal 
resorbs when the food is just sufficient to maintain its weight. There 
is a striking harmony between the amounts of gases found in our 
experiments and the amounts calculated on the basis of oxydation of 
food. 

Considering this, there can be no doubt that the numbers found by 
Prof. Smith for the consumption of oxygen, and still more for the 
exhalation of carbonic acid, are far too low. We must leave it unde- 
cided what may be therein the part of imperfect closing of the mask, of 
diffusion of the gases stored in the india-rubber bag, finally of analytical 
faults. 

_ Concerning the respiratory results obtained by animals at work we 
should be obliged to reject them a priori, even if his experiments about 
resting animals were quite unobjectionable, and if they did not include 
such improbabilities, as, for instance, that the exhalation of carbonic acid 
during work had been smaller than during rest: Prof. Smith did not 
measure the respiratory process during work, but, adapting the mask 
to the horse immediately after it, he collected the expired air in the 
following 20 seconds. Omitting the danger, that the apparatus, adapted 
in such a hurry, may not fit tightly, this method is in any case erroneous, 
because it leads to results about the respiratory process far different 
from those existing during work. We assured ourselves by special 
experiments, that there generally exists already a considerable decrease 
of the volume of air expired in the first 20 seconds after the suspension 
of work. = 
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FURTHER NOTE ON DEGENERATIONS FOLLOWING 
LESIONS OF THE CEREBRAL —— pr G5. 
SHERRINGTON, M.A., MB, &. 


WHEN, in result of lesion of the cortex of the cerebral hemi- 
sphere a degeneration in the pyramidal tract ensues, nerve-fibres in a 
state of degeneration may be detected scattered in certain regions of 
grey matter. These regions of grey matter in which, in association with 
pyramidal degeneration, scattered fibres may be found degenerating, are: 

i. the ventral grey cornu of the spinal cord ; 

ii. the lateral grey cornu of the spinal cord ; | 

iii. islanded grey masses in the pons lying close to fibre-bundles 
of the crustal tracts, among the deep transverse pontial fibres (stratum 
complexum pontis) ; 

iv. amass of grey matter lying in the mesial third of the crustal 
portion of the crus cerebri (a well-defined mass in monkey) ; 

v. the substantia nigra of the crus, more especially the ventral. 
portion of it. | 
There are sources of fallacy attending the recognition of isolated 
degenerated nerve-fibres in the grey matter, which must be discussed 
in a fuller communication than the present. Returning however to the 
same observations repeatedly in the past three years, one has become 
convinced that in the above-mentioned situations an indubitable 
degeneration of scattered nerve-fibres does follow lesions of the hemi- 
spheral cortex. Interest attaches to these fibres because it seems 
justifiable to infer concerning them that they are connected on the one 
hand with the grey matter in which they lie, on the other hand with. 
the pyramidal tract undergoing degeneration. 

The degenerated fibres in question appear to be always of small size, | 
although in the pyramidal tract itself many of the fibres undergoing 
degeneration are large. It may therefore be that the pyramidal fibres 
of large size become reduced in size when they penetrate into grey 
matter, perhaps because they then undergo subdivision. 
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In the spinal cord I have not been able to find in association 
with pyramidal degeneration any degeneration of nerve-fibres in the 
grey matter of the vesicular column of Clarke. 

It has been noticeable that after cortical lesion confined nearly if 
not completely to the “leg-area” (Horsley, Schafer, Beevor), and 
therefore presumably not implicating portions of the pyramidal tract 
destined for cranial nuclei, a considerable number of degenerated fibres 
occur scattered in the substantia nigra of the crus. The question arises 
are these fibres to be considered of the pyramidal system as that is 
defined by excitation experiments, or of some other system which also 
degenerates from the cortex downward ? 
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THE CRYSTALLIZATION OF HZ MOGLOBIN IN MAN 
AND THE LOWER ANIMALS, AND OF HAMO. 
CHROMOGEN IN MAN. By 8S. MONCKTON COPE- 
MAN, M.A, M.D. Cantab. Demonstrator of Physiology at St 
Thomas's Hospital. Research Scholar of the British Medical 
| 


(From the Physiological Laboratory of St Thomas's Hospital.) 


NuMEROUS different methods have been suggested from time to time 
by various observers, for the purpose of obtaining the colouring matter 
of the blood in a crystalline form, a general similarity being for the 
most part noticeable among them, though there may be slight 
differences in detail. Many of these, however, are comparatively 
useless for general purposes, since they may be only applicable to 
the blood of one or two animals, not answering for that of others, 
and consequently a research, the results of which are given in the 
following pages, was commenced with the object of finding if possible 
some method which would answer in every instance. It is necessary to 
state that what follows refers to the production of microscopical prepara- 
tions only, and not of hemoglobin crystals in bulk. 

It is of course well known that in the case of some animals, such as 
the guinea-pig and rat, crystals may be obtained with the greatest ease, 
often on the addition merely of a little water to the blood, but in others, 
particularly some of the domestic animals, such as the bullock, sheep 
and pig, the case is very different, while human hemoglobin, owing 
probably to its great solubility, is extremely difficult to obtain in the 
crystalline form. Rollett states that he prepared crystals of human 
hemoglobin by a modification of a method, depending on the breaking 
up of the red corpuscles by alternately freezing and thawing the blood, 
or by treating it with chloroform, ether or a solution of bile-salts, then 
allowing the blood to stand for some hours in a cool place, after the 
previous addition of a small quantity of alcohol. The crystals are 
figured in many of the text-books, but no English physiologist to 
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402 8S. MONCKTON COPEMAN. 
whom I have applied has been able to furnish me from personal 


experience with any method of preparing them directly from the 
blood. Stirling and Brito’, however, obtained them from the contents — 


of the stomach of leeches several weeks after feeding with human blood, 
a method which I have also followed with success. 

In 1887, I published in St Thomas's Hospital Reports*, and also 
somewhat less fully in the Lancet®, the results of an investigation 
into the pathology of the blood in pernicious anemia, During the two 
years previously, Dr Bristowe had had a number of cases of this some- 
what rare disease under his care in the wards of St Thomas’s Hospital, 
and through his kindness I had the opportunity of examining the blood 
on a considerable number of occasions. _ 

I found that when a drop of the blood was removed from the finger 
of a patient suffering from this disease and allowed to fall on a glass 
slide, and then when the edge of the drop had dried somewhat a cover- 
glass was gently placed upon it, crystals of hemoglobin gradually 
formed in the film of blood, in from ten to forty-eight hours, without 
any further preparation. The only exception to this was in the case 
of patients who had been treated with arsenic for some days, after 
which crystals could not be obtained, although if then the arsenic 
were discontinued for an equal length of time they again put in an 
appearance. 

It seemed to me that it might be possible to procure crystals from 


normal human blood by imitating as much as possible the conditions - 


which obtain in pernicious anemia. I was particularly struck, when 
examining the specific gravity of the blood in some of the later cases 
by means of a modification of the method originally introduced by 
Prof. Roy, to find to what a low degree it had fallen, the specific 
gravity usually ranging between 1028 and 1038, while in health it 
should be about twenty degrees higher than the maximum of these 
observations. 

In the disease under consideration, the lower specific gravity is in 
great part due to the extremely small number of red corpuscles present, 
the plasma therefore being in proportionally much greater quantity than 
in health. Acting on the supposition that this, together with the 
lessened consistence of the red corpuscles, as evidenced by their 
abnormal shapes, might account for the formation of crystals of 

1 Journ. of Anat, and Physiol. 


2 Vol. xvr. New Series. : 
3 Lancet, 1887. Vol. 1. p. 1076. 
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hemoglobin when the blood was removed from the body and treated 
in the manner described, I tried the effect of diluting normal human 
blood with serum: that obtained from sheep's blood being used, since 
it is well known that the serum of one animal tends to destroy the 
corpuscles of another animal into whose. circulation it may be intro- 
duced or whose blood is — into contact with it after removal 
from the body. 

At first my success was not great, although in a few instances 
crystals were formed; but on one occasion having used some serum 
which had been set aside in the laboratory for some days in rather 
warm weather, and which had consequently become decomposed, I 
found that crystals appeared in every instance in which it was used. 

This being the case, twenty-five members of the pathology class 
at St Thomas's Hospital were selected who seemed particularly healthy, 
and whose blood consequently might be supposed to be perfectly normal. 
Each of these gentlemen kindly allowed a few drops of blood to be 
abstracted from a finger, and from the blood of every one from three 
to six preparations were made, which after an interval, differing slightly 
in each case, and apparently depending somewhat on the amount of 
serum added, all showed crystals of hemoglobin. _ 

A method almost identical with this was published in the Lancet? by 
Bond, who however used putrid human serum, the idea in his case 
being an attempt to imitate the processes of septicemia, in which, 
as well as in pernicious anemia he found that crystals of hemoglobin 
formed spontaneously in the blood when allowed to dry after removal 
from the body, as I had previously described; the reason for their 
appearance, in his opinion, being the presence in the blood of certain 


_ ferments, the result of the life-action of various micro-organisms. He 


further noted that the crystals as shown by the micro-spectroscope 
presented the bands of reduced hemoglobin, but he does not appear 
to have attached any importance to the observation, neither did he 
give any comparative observations as to the application of the same 
method to the blood of the lower animals. 

The crystals obtained by the method just described are usually 
rectangular plates, of a pink or pale claret colour when formed in 
a fairly thick layer of blood, or a greenish tint when the film is very 
thin; this agreeing with the statement of Foster that “in dilute 
solutions or in a thin layer, the reduced hemoglobin lets through 
so much of the green rays that they preponderate over the red, and the 


! 1887, Vol. m. pp. 509 and 557. 
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resulting impression is one of green.” And there can be no doubt both 
from the microscopic and spectroscopic appearances that they really do 
consist of reduced and not of oxy-hemoglobin. This, although its 
significance seems to have been overlooked by Bond and others, is a 
point of considerable interest, since it is usually stated that although 
crystals of oxy-hemoglobin may have their superfluous oxygen removed 
by exposure to a vacuum, they never crystallize as reduced hemoglobin. 

Consequently the fact that in attempting to obtain «crystals of 
hemoglobin from human blood reduction has not been allowed to 
_ take place, may account for the absence of success in previous endeavours. 

In the paper by Stirling and Brito, quoted above, the crystals 
were stated to be of a pink colour, and the diagrams given in 
illustration show that they must have consisted of reduced hemoglobin, 
although no mention is made of this fact, and in repeating the experi- 
ment this supposition has been verified. This, then, evidently is a 
point of considerable importance, since there seems to be a universal 
consensus of opinion, as has already been shown, that the blood of 
the lower animals, with certain exceptions to be mentioned later on, 
invariably crystallizes as oxy-hemoglobin only. In order, however, 
to test the question satisfactorily, a number of experiments were 
made on the blood of various animals by treating them with decom- 
posing serum, and for some time the method appeared quite ineffectual, 
as in the case of the bullock, sheep, pig, dog, and cat no crystals could 
_be obtained, although repeated trials were made not only with sheep’s 
serum but with that of other animals; thus, for example, bullock’s blood 
was treated with sheep's serum, sheep’s blood with bullock’s serum, pig’s 
blood with both, and so on, to see whether the result was the same in 
all cases. In later experiments, however, it was found that crystals 
could be obtained by this method from the blood of the monkey, 
rabbit and squirrel; but except in the case of the monkey the crystals 
were found to consist, not of reduced, but of oxy-hzmoglobin, and this 
notwithstanding. that the addition of decomposing serum invariably 
brought about reduction of the hemoglobin as it became extracted 
from the corpuscles and diffused through the plasma as they broke 
down. As stated by Bond in his paper, this takes place to the 
greatest extent in a circular area just inside the edge of the cover-glass, 
but not extending quite to the edge, where there is a layer which is kept 
in the oxydized condition, probably by absorption of oxygen from the 
outside air. It is in this intermediate zone of fully-reduced hemoglobin 
that crystals are to be found in greatest quantity, both in the case of 
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human blood and of that of animals in which the method succeeds; but 
in these latter, the crystals which as stated above are of oxy-hzemoglobin, 
stand out in a most marked manner from the groundwork of reduced 
-hemoglobir—the contrast between the uniform pale-claret coloured 
basis, and the scarlet or more often yellow colour (from the thinness 
of the layer) of the crystals being most remarkable. 

In the specimens of squirrels’ blood prepared in this manner, it was 
found that in every case the resulting crystals presented the form of fine 
needles or rhombic prisms, the needles sometimes being collected into 
bundles, while in no case were the usual hexagons, so easily obtained by 
other methods seen. In these experiments, hexagons never once put in 
an appearance, so that it seems that squirrel’s blood like that of the rat — 
is capable of crystallizing in two distinct forms. 

This fact has also been noticed by Halliburton’ who found that 
when the hemoglobin from squirrel’s blood was repeatedly crystallized 
and recrystallized, no six-sided crystals were obtained, but a mixture of 
rhombic needles and tetrahedra, the latter being absent in some cases. 
In an earlier part of the same paper he speaks of the effect of adding 
the serum obtained from the blood of one animal to the blood or 
corpuscles of another, which was sometimes to disintegrate the corpuscles 
_ and dissolve the hemoglobin as was first pointed out by Landois’, but 
he further states that such addition does not usually lead to crystallization 
of the hemoglobin, although it occasionally does so, these cases, of which 
he had never seen any, being explained in his opinion by the serum used 
being very watery, while the hemoglobin was from blood which crys- 
tallized readily. 

Nencki and Sieber® obtained crystals of reduced hemoglobin in 
the form of glistening hexagonal plates and prisms by dissolving pure 
crystallized oxy-hemoglobin from horses’ blood in lukewarm water, 
adding a few c.c. of putrefying blood and sealing up the whole in a 
flask from which all air had been expelled by hydrogen. After standing 
for a fortnight at a low temperature, by which time all-the oxygen had 
been used up by bacteria, 25°/, of absolute alcohol was added, pre- 
cautions being taken not to admit air. They state, however, that 
the crystals must. be examined in the mother liquor as they are very 
unstable, and deliquesce at ordinary temperatures, —- converted 
into oxy-hemoglobin. 


1 Hemoglobin crystals of rodent’s blood. Quart. Journal of Microscopic Science. 
2 Die Transfusion des Blutes, Leipzig, 1874. : 
3 Ber. 19, 128-130. 
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The blood of many animals, particularly of those which come under 
the term “domestic,” altogether refuses to crystallize by the method 
that has been advocated for human blood, but fortunately we possess a 
method which is equally successful in bringing about the formation of 
crystals from blood other than human. After careful trial of the various 


Means suggested by different observers for obtaining hemoglobin 


crystals from the lower animals, I have come to the conclusion that — 
the most reliable one is that given by Gamgee’, which is briefly as 
follows:—To defibrinated blood add one-sixteenth of its volume of 
ether and shake the mixture for some minutes until it becomes 
perfectly transparent or lakey. Then set aside in a cool place for 
a period varying from a few hours to two or three days. This method 
I find is also recommended by Halliburton as being the best in 
the case of most animals, 

There are, however, one or two points of importance in connexion 
with this method which have not apparently been previously noticed, 
and which I communicated to the Medical and Physical Society of St. 
Thomas's Hospital in 1887. One is that care should be taken that the 
blood after it has been made lakey should be kept under an atmosphere 
of ether for some time, which may be accomplished by performing the 
agitation of the blood with ether in a stoppered bottle and gradually 
allowing the air to escape as the ether is volatilized. By this means 
the contained air is gradually replaced by ether vapour, while at the 
same time the small portion of blood which is forced out around the 
stopper of the bottle, on drying fixes it in its place and so prevents 
ingress of air again. It appears also that it is better to leave the bottle 
in a room at the ordinary temperature than to put it in a cool place as 
advised by Gamgee. 

The right period is readily hit upon by removing a drop of the 
blood to a slide after varying lengths of time (in the case of most 
animals, two days at least), and then when the edges of the drop are 
slightly dry, gently lowering a thin cover-glass on the surface of the 
drop. The cover soon becomes fixed by the drying of the blood at 
the edges, and then if the preparation be examined under the micro- 
scope the commencing formation of radiating crystals of oxy-hemoglobin 
will often be seen in an hour or so,—while they gradually enlarge 
in size to such an extent as sometimes to occupy the whole of the space 
beneath the cover-glass. If when they first become visible the slide be 
ringed with gold-size or asphalte varnish, they retain their shape often 

1 Physiological Chemistry, p. 87. 
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for a considerable length of time. The crystals obtained by this 


method are all very similar in shape, but they all agree in differing 
from the rectangular plates which are obtained from human blood. 

It is advisable, as I have stated, not to cover the drop at once, as if 
this point be not attended to the large vacuoles caused by the presence 
of the ether seriously interfere with the formation of the crystals. 

In this manner the blood of all the commoner animals has been 


crystallized, the list comprising the following :— 


1. Horse. 5. Dog. 9. Guinea-pig. 
2. Bullock. 6. Cat. 10. Rat. 

Sheep 7. Squirrel. 11, Mouse 

4. Pig -Rabbit, Fowl 


which suffices to show that the method has a wide range of applica- 
bility. 

For purposes of comparison, human blood was subjected to the same 
test, with the result that usually no crystals could be obtained, although 
in a few instances they put in an appearance, but again with the 
important difference on which stress has already been laid so much 
that when found they invariably presented the appearances of reduced 
instead of oxy-hemoglobin. 

Hiifner* has also obtained crystals of reduced hemogloblin from 


human blood by keeping it in sealed tubes for one to two months. 


There is yet another method by which human hemoglobin may be 
crystallized. Burdon-Sanderson’® and Gamgee’* both state that 


_ by adding a solution of bile-salts to the blood of certain animals 


crystals of hemoglobin may be obtained. Now bile is, of course, 
a dilute solution of bile-salts, and in the course of some experiments 
with it I found that a drop of human blood, when treated on a slide 
with a little bile, preferably cat’s bile, usually showed in the course of a 
few days well-marked crystals of hemoglobin. On examining the 


specimens thus formed, I found that here again the crystals were 


composed of reduced and not of oxy-hemoglobin, so that it seems 
perfectly certain that this must be the normal state in which hamo- 


_ globin crystallizes in man, a point which, as I have before stated, 


probably accounts for the fact that former observers, who, in accordance 
with the directions of the text-books, usually took care to keep the 
blood well oxygenated when endeavouring to obtain crystals of the 
Zeitschr. f. Physiol. Chem. tv. p. 382. 
2 Handbook, p. 179. 
3 Physiological Chemistry, p. 86. 
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colouring matter, have for the most part failed in their attempts with 
human blood. 

The methods with which, up to the present, I have been successful 
in demonstrating the formation of crystals of hemoglobin in human 
blood—and which all agree in the point just mentioned, the presence in 
the crystallized form of reduced a be recapitulated as 
follows :— 


1. The addition to the blood of decomposing serum or pericardial 
fluid. | 
2. Treatment with bile. 
8. Agitation with ether. 


4. Semi-digestion i in the stomach of the common leech : 
of which the first is the only one to be recommended as Bie! 
invariably successful. 


Some specimens of putrid serum undoubtedly act much more 
energetically than others in causing the crystallization of human 
blood. Whether this be due, at any rate in part, to the stage to 
which decomposition has advanced, is at present uncertain, but a 
series of observations are being carried out on the bacteria present in 
decomposing serum, which seem, thus far, to show that one particular 
micro-organism which I have isolated and which is present in very 
varying amount in different specimens, is | the main factor in bringing 
_ about this change. 

Specimens of hemoglobin crystals made from human blood in the 
way that has been suggested, appear to be very permanent, lasting 
apparently for months unchanged, but a short time ago, on examining 
with the microspectroscope some which had been made more than two 
years before, I found that the absorption spectrum had become altered, 
there being now two bands instead of the one of reduced hemoglobin, 
which had entirely disappeared. Of these, one about midway between 
the D and £ lines was much more intense than the other, which was 
situated between £ and b, By determining the wave-lengths of these 
bands respectively, it became evident that they were due to the presence 
of hemochromogen or reduced alkaline hematin. On further exami- 
nation with the microscope and comparison with more recent specimens 
it was found that the crystals had not undergone any alteration in 
shape, although some of them were more or less cracked, but their 
colour had become a much brighter pink. 


It seems that this change to reduced alkaline hematin must have 


a 
J 
4 a 
4 
“a 
¥ 
5 
a 
a 4 


HAEMOGLOBIN ETC. 409 


been brought about by a continuation of the action which had originally 
caused the reduction of the hemoglobin. - 

Hoppe-Seyler’ has also obtained hemochromogen in the crystalline 
form, so that my specimens are not, as I at first thought, unique, but 
still they are of interest, as showing, if further proof were needed, that 
the colouring matter of the blood had originally crystallized as reduced 
and not as oxy-hemoglobin. 


1 Zeitschr. f. Physiol. Chem. xu, p. 493. 
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(Contributions from the Sheffield Biological Yale 
University.) 


ON THE PRIMARY CLEAVAGE PRODUCTS FORMED 
IN THE DIGESTION OF GLUTEN-CASEIN OF 
WHEAT BY PEPSIN-HYDROCHLORIC ACID. By 
R. H. CHITTENDEN, Professor of Physiological Chemistry ; 
anp ERNEST ELLSWORTH SMITH, Assistant in Physio- 


logical Chemistry. 


THE many experiments of Kiihne and Chittenden and their 
co-workers’, carried on during the past few years with a view to 
acquiring more definite knowledge concerning the composition and 
relationship of the primary cleavage products formed in the digestion 
of the individual proteids, have been gradually extended, but have still 
been confined mainly to the albumins from the animal kingdom. 
Neumeister® has recorded some interesting results obtained in the 
digestion of phyto-vitellin, but aside from these little is known regard- 
ing either the composition or properties of the products formed in the 
gastric digestion of plant proteids. 

We have chosen for our study the gluten-casein of wheat as 
described by Ritthausen, principally because it appears to be the 
chief proteid constituent of gluten, and hence of wheat bread, and as 
such must constitute a large proportion of the vegetable proteids of our 
daily food. It is certainly questionable whether gluten exists as such 
in fresh wheat kernels, especially in the light of the researches 
of Weyl and Bischoff’, S. Martin and others, who ascribe the 
formation of gluten to a special ferment action when flour is mixed 
with water. Furthermore, there is the possibility, in the preparation of 
gluten-casein, that the prolonged action of dilute alkalies or even of 
water on the gluten, or on the globulin bodies* which possibly con- 

1 See Zeitschrift fiir Biologie, also Studies from the Laboratory of Physiological 
Chemistry, Yale University, Vols. 1—111. 

2 Zeitschrift fiir Biologie, Bd. xxm1. p. 402. 


3 Bericht. d, deutsch. chem. Gesellschaft, x11. p. 367. 
4 Zeitschrift fiir Physiol. Chem. Bd. 1. p. 100. 
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stitute its antecedents, may give rise to the formation of an albuminate, 
different from the original constituent. of the seed or of the gluten, even 
under the most favorable conditions of low temperature and weak — 
solutions. While it is therefore possible, and perhaps probable, that 
gluten and gluten-casein are both artificial products, it is nevertheless 
true that gluten must be formed whenever wheat-meal or flour is mixed 
with water, and of this gluten the insoluble portion characterized by 
Ritthausen as gluten-casein is the most important constituent. 


Preparation of Gluten-casein. 


In the preparation of gluten-casein we have followed essentially the 
method as given by Ritthausen’, departing from it only in one or two 
respects, and that without any noticeable difference in the results. 
Four different. portions of flour (flour from the entire wheat), of about 
50 kilos each, were employed in the preparation of the casein, the 
starch being removed in the usual manner by making the flour into a 
dough with water and then washing and kneading it in a stream of 
- running water, until the residual gluten gave no reaction with iodine. 
This required at least 5—6 hours of constant washing, and the residue 
of moist gluten amounted as a rule to about 7—8 kilos. When freed 
from starch in this manner the moist gluten was transferred to 70 per 
cent. alcohol, with which it was well kneaded and then allowed to soak 
in the alcohol, in a cold place, for 24 hours or longer. From this it 
was transferred to cold 73 per cent. alcohol, with which it was well 
rubbed, and then kept in contact with the alcohol for about 24 hours. 
In this manner the gluten was treated successively with 77, 80 and 
85 per cent. alcohol in the cold, for the removal of the greater part 
of the related proteids, gluten-fibrin, gliadin and mucedin. In 85 per 
cent. alcohol the extraction was continued for at least three days. The 
_ residue, nearly insoluble in alcohol, amounted to 800—900 grams. 
In order to separate the gluten-casein from the thus partially purified 
product, it was treated with several litres of a cold solution of potassium 
hydroxide of 02 per cent. strength, kept at a low temperature by 
immersion in ice water. Ultimately, by successive extractions with 
fresh alkali, nearly the entire product dissolved, but only after long 
standing and by frequent agitation. The residue consisted of a little 
starchy and other insoluble matter, and was quite inconsiderable in 


1 Die Hiweisskirper der Getreidearten, etc. Bonn, 1872, p. 31. 
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amount. Before separating the alkaline solutions of gluten-casein from 
the undissolved portion, the mixture was kept perfectly quiet for 
48 hours, in order to allow all suspended particles to subside, after 
which the upper portions of the fluid were syphoned off. The fluid 
so separated was not perfectly clear, but had a somewhat turbid 
appearance and was a little brownish in color. It ran very slowly 
through paper, so that it was impracticable to filter it. Although 
turbid no particles could be seen, and on long standing nothing 
appreciable separated. During the entire extraction of the product 
with dilute alkali the mixture was surrounded with ice, and the alkali 
never exceeded 0°2 per cent. in strength. 

In this way three successive extractions of the first preparation of 
gluten (A) were made. Only a small residue remained undissolved 
in the weak alkali at the end of the third extraction. The three 
extracts were then neutralized separately with dilute acetic acid, when 
the dissolved proteid was precipitated in large flocks. The precipitates 
were washed thoroughly with water by decantation, finally brought 
upon filters and repeatedly washed with 70 per cent. alcohol warmed 
to 40°C., until the alcoholic filtrates gave little or no precipitate on 
the addition of water. This often took one or two days of continuous 
washing, and by it the remaining traces of gluten-fibrin, gliadin and 
mucedin were wholly removed. Portions of the products obtained from 
each of the three extractions with alkali were finally washed with 
absolute alcohol and ether, and dried at 110°C. for analysis. As a 
result we have products A’, A* and A® ation seri to the three 
extractions of the washed gluten with alkali. 

A portion of A’ was treated in the cold with several litres of 0°2 
per cent. potassium hydroxide, and when partially dissolved, the clear, 
supernatant fluid was drawn off and the gluten-casein reprecipitated 
by the addition of acetic acid (A). The undissolved residue was then 
treated with more alkali of the same strength, likewise in the cold; 
and when fully dissolved it was also precipitated by neutralization with © 
acetic acid (A"). Both products were washed thoroughly with water, 
then with warm (40°C.) 70 per cent. alcohol, and lastly with absolute 
alcohol and ether. Both were dried at 110°C. for analysis. 

The methods of analysis were as follows: carbon and hydrogen were 
determined by combustion in an open tube in a current of oxygen gas, 
the products of combustion passing over a layer of heated oxide of 
copper, a shorter layer of chromate of lead and a roll of reduced copper ; 
nitrogen by combustion with oxide of copper and measuring the gas; 
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and sulphur by fusion with potassium hydroxide and potassium nitrate, 
according to the method advocated by Hammarsten. Several of the 
nitrogen determinations were duplicated by the Kjeldahl! method. 


Gluten-casein A,. 
I, 0:4543 gram substance gave 0:2871 gram H,O = 7:02 per cent. H 
and 0°8780 gram CO, = 52°70 per cent. C. 
II. 0°3733 gram substance gave 0°2351 gram H,O = 6°99 per cent. H 
and 0:7240 gram CO, = 52°88 per cent. C. 
III. 0°3047 gram substance gave 38°8 c.c. N at 4°6°C, and 758°5 mm. 
pressure = 15°69 per cent. N. : 
IV. 02849 gram substance gave 35°8c¢.c. N at 5:9°O. and mm. 
pressure = 15-61 per cent. N. 
V. 0:2925 gram substance gave 36:2c.c. N at 4°8°C. and 781°3 mm. 
pressure = 15°70 per cent, N. 
VI. 0°5254 gram substance gave by fusion with KOH + KNO,, after 
Hammarsten’s method, 0-0443 gram BaSo, = 1°15 per cent. 8S. 
VII. 0:5289 gram substance gave by fusion with KOH + KNO, 0:0443 
gram BaSo, = 1°15 per cent. 8. 
VILI. 0:4283 gram substance gave 0°0025 gram ash = 0°58 per cent, 
IX. 0:4382 gram substance gave 0°0028 gram ash = 0:64 per cent. 


Percentage composition of the ash-free substance, 


Average 
C 53:02 53-20 - - 53:11 
N = - 1578 15°70 1579 - - 15-76 
22-92 
100-00 
Gluten-casein Aj,. 
\ I. 0°3986 gram substance gave 0-2505 gram H,O = 6:98 per cent. H 


and 0°7623 gram CO, = 52:15 per cent. C. 
Il, 04111 gram substance gave 0°2584 gram H,O = 6:98 per cent. H 
and 0°7879 gram CO, = 52:26 per cent. C. 
III, 0°3026 gram substance gave 37°8 c.c. N at 6°4°O. and 777°5 mm. 
pressure = 15°68 per cent. N. | 
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IV. 0:2924 gram substance gave 36-5c.c. N at 45°C. and 770°5 mm. 
pressure = 15°63 per cent. N. 
V. 0°5626 gram substance gave by fusion with KOH + KNO, 0:0440 
gram BaSo, = 1°07 per cent. 8. 
VI. 0:5615 gram substance gave by fusion with KOH + KNO, 0:0483 
_ gram BaSo, = 1:18 per cent. 8. 
VII. 0°3955 gram substance gave 0°0022 gram ash = 0°55 per cent. 
VIII. 0:4759 gram substance gave 0°0025 gram ash = 0°53 per cent. 


Percentage composition of the ash-free substance. 


Average 
C 5243 52°54 52°49 


H 702 7:02 ~ 7-02 
8 107—s «i119 1:13 
O 23°63 
| 10000 
Gluten-casein A,,. 
I. 03110 gram substance gave 0°2016 gram H,O = 7:20 per cent. H 
and 0°5966 gram CO, = 52°31 per cent, C. 
‘IL, 0°2522 gram substance gave 0°4846 gram CO, = 52-40 per cent. C. 
III. 0:2800 gram substance gave 35-2 c.c. N at 6-9°C. and 771 mm. 
pressure = 15°62 per cent, N. 
TV. 0:2865 gram substance gave 36-2 c.c, N at 5:8°C. and 766°5 mm. 
Ke pressure = 15°67 per cent. N. 
V. 0:5227 gram substance gave by fusion with KOH + KNO, 00441 
gram BaSo, = 1:08 per cent. 8. 
VI. 0°5195 gram substance gave by fusion with KOH + KNO, 0-0400 
gram BaSo, = 1°05 per cent. 8. 
_VIL 0°3155 gram substance gave 0:0019 gram ash = 0°60 per cent. 
VIII. 0°3928 gram substance gave 0-0024 gram ash = 0°61 per cent. 


Percentage composition of the ash-free substance. 


Average 
23-30 
100-00 
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| Gluten-casein A,, 
0-4810 gram substance gave 0-3011 gram H,O = 6:95 per cent. H 
and 0-9284 gram CO, = 52°63 per cent. C. 


0° 3639 gram substance gave 0°2276 gram ‘HO =6 94 per cent. H 
and 0°7033 gram CO, = 52°70 per cent. C. 


0°3241 gram substance gave c.c. N at 5:2°C. and mm. 


. pressure = 15°53 per cent. N. 


IIT. 


VI. 


02946 gram substance gave 37°6 c.c. N at 4:9°C. and 756°6 mm. 
pressure = 15°67 per cent. N. 

0°5839 gram substance gave by fusion with KOH + ENO, 00520 
gram BaSo, = 1°22 per cent. 8. 


05737 gram substance gave by fusion with KOH + KNO, 0:0473 
gram BaSo, = 1:13 per cent. S. 


0°5562 gram substance gave 0°0020 gram ash = 0°36 per cent. 
0°4494 gram substance gave 00022 gram ash = 0°49 per cent. 
0°3724 gram substance gave 00023 gram ash = 0°61 per cent. 


52°88 52°95 
698 6:97 


15°74 


15°60 


1-23 


1:14 


Gluten-casein A,. 
03373 gram substance gave 0:2091 gram H,O = 6°88 per cent. 
H and 0°6491 gram CO, = 52°48 per cent. C. 
0°3387 gram substance gave 0:2105 gram H,O = 6-90 per cent. 
H and 0°6513 gram CO, = 52-43 per cent. C, 
02981 gram substance gave 39°2 c.c. N at 7:2°C. and 756°1 mm. 
pressure = 16°01 per cent. N. 
0°2941 gram substance gave 38:7 c.c. N at 6:2°C. and 756-1 mm, 
pressure = 16-07 per cent. N. 
0:5978 gram substance gave by fusion with KOH + KNO, 0:0534 
gram Ba So, = 1:23 per cent. 8. | 


0-6186 gram substance gave by fusion with KOH + KNO, 0-0565 
gram Ba So, = 1°25 per cent. 8. 
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‘VII. 0°3805 gram substance gave 0:0039 gram ash = 1-02 per cent. 
VIII. 0-3606 gram substance gave 0-0034 gram ash = 0-94 per eent. 


Percentage composition of the ash-free substance. 


| Average 
C 53:00 52°95 ~ — ~ _ 52-98 
H 695 ~ ~ 6°96 
N - 16:16 16°22 - 16°19 
~ 1:25 1:27 1:26 
O 22°61 
100-00 


A second series of preparations was made, using in part a slight 
modification of the preceding method. 50—60 kilos of entire wheat- 
flour were made into a dough and kneaded in running water until free 
from starch. The residue was then treated with gradually increased 
strengths of alcohol, after the method employed in the preparation 
of sample A, until all soluble matter was removed. The residue was 
then extracted twice with a large volume of ice cold 0'2 per cent. 
caustic potash. The gluten-casein contained in the first extract was 
precipitated by neutralization with acetic acid. A portion of this 
precipitate was washed with water until the potassium salt was re- 
moved, then repeatedly with 70 per cent. alcohol warmed to 40° C., 
until the alcoholic washings gave no precipitate on addition of water, 

and lastly with absolute alcohol and ether (Preparation C’). 

The remainder of the gluten-casein from the first extraction, together 
with all of the product from the second extraction, was treated with 
10 per cent. solution of sodium chloride, directly after it had been 
precipitated from the alkaline fluid. The treatment with sodium 
chloride was continued until the salt solution failed to dissolve any 
noticeable amount of the product. The salt adhering to the preparation 
was then removed by thorough washing with water, after which the 
substance was washed with 70 per cent. alcohol at 40°C., and finally 
with stronger alcohol and ether (Preparation C’). 

Only a comparatively small amount of substance was dissolved by 
the salt solution. Such as did dissolve, however, resembled myosin in 
being precipitated by saturation of the fluid with salt, but unlike 
myosin the 10 per cent. salt solution was rendered only slightly turbid 
by dilution with water. 

Another sample of gluten-casein from a different lot of wheat-flour, 
was prepared by the same method as C*. (Preparation D.) 
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The composition of the latter product and of the two preceding ones 
is shown by the following results: 


II. 
IIL. 
IV. 
VI. 


VII. 


C 


N 
O 


Gluten-casein C,,. 
0-3060 gram substance gave 0°1904 gram H,O = 6:91 per cent. 
H and 0°5831 gram CO, = 51-96 per cent. C. 
0-3425 gram substance gave 0:2139 gram H,O = 6-93 per cent. 
H and 0:6546 gram CO, = 52:11 per cent. C. . 
0°3020 gram substance gave 40°6 c.c, N at 18-8°C. and 753°3 mm. 
pressure = 15°65 per cent. N. 
0-2730 gram substance gave 37:1 c.c. N at 18-9°C. and 754°4 mm. 
pressure = 15°84 per cent. N. 
0°6703 gram substance gave by fusion with KOH + KNO, 0°0512 
gram Ba So, = 1:27 per cent. 8. 
0°4594 gram substance gave by fusion with KOH + KNO, 0-0382 
gram Ba So, = 1:14 per cent. S. 
0-4923 gram substance gave 0:0031 gram ash = 0°63 per cent. 
0°4877 gram substance gave 0:0029 gram ash = 0°59 per cent. 


Percentage composition of the ash-free substance. 
Average 
_ 1:27. 1:14 1:20 
23°65 


100-00 


Gluten-casein C,, 
0:3070 gram substance gave 0°1934 gram+H,O = 6-99 per cent. 
H and 0°6021 gram CO, = 53°48 per cent. C. 
0-2887 gram substance gave 01806 gram H,O = 6-93 per cent. 
H and 0°5635 gram CO, = 53:23 per cent. C. 
0-2309 gram substance gave 31:2 «.c. N at 20°7°C. and 765:1 mm. 
pressure = 15°88 per cent. N. 
02641 gram substance gave 35-7 c.c. N at 22°C. and 765-9 mm. 
pressure = 15°83 per cent. N. 
0-4144 gram substance gave by fusion with KOH + KNO, 0-0379 
gram Ba So, = 1:25 per cent, 8. 
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Vis 


VIL. 
VIII. 


TIT. 


0:4011 gram substance gave by fusion with KOH + KNO, 0-0370 
gram Ba So, = 1:26 per cent. 8. 

0:4588 gram substance gave 0°0015 gram ash = 0-32 per cent. 
0-4927 gram stibstance gave 00013 gram ash = 0-27 per cent. 


Percentage composition of the ash-free substance. 
Average 
53°64 53°38 ~ - 53°51 
701 6°95 ~ 6-98 
22°36 


100-00 


Gluten-casein D. 
0:4461 gram substance gave 0-2805 gram H,O = 6-98 per cent. H 
and 08608 gram CO, = 52-62 per cent. C. 
0:3753 gram substance gave 0°2348 gram H,O = 6-95 per cent. H 
and 0°7289 gram CO, = 52-96 per cent. C. 
0:2687 gram substance gave c.c, N at 20°3° C. and 770°3 mm. 
pressure = 16°01 per cent. N. 
0-2470 gram substance gave 33°6 c.c. N at 20°4°C. and 767-1 mm. 
pressure = 16°04 per cent. N. , 
0°4842 gram substance gave by fusion with KOH + KNO, 0-0443 
gram Ba So, = 1:22 per cent. 8. 
06257 gram substance gave by fusion with KOH + KNO, 00529 
grain Ba So, = 1°16 per cent. 8. 
0°4195 gram substance gave 0°0015 gram ash = 0°36 per cent. 
0°3934 gram substance gave 0:0012 gram ash = 0°31 per cent, 


Percentage composition of the ash-free substance. 


Average 

700 6:97 6-99 
1606 1609 1607 
~ 122 1:16 1:19 
| 22°79 


100-00 
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Ay Ay A, As C, C, D | Average 
© | 53-11 | 52-49 | 59-67 | 52-92 | 52-98 | 52°35 | 53-51 | 59-96 | 52-87 | 52-94 
H | 705| 702| 7:24| 698 | 696] 696] 698] 6-99 | 699°] 7-04 
N | 15°76 | 15°73 | 15°73 | 15°67 | 16°19 | 15°84 | 15-90 | 16-07 | 15°86 | 17-14 
116} 1:13] 1:06] 1:26] 120) 125) 119) 117] 0-96 
O | 22-92 | 23-63 | 23-30 | 23-25 | 22°61 | 23°65 | 22-36 | 22-79 | 23-11 | 21-92. 
Ash! 054 060} 0-48| 061) 0-30} 0:34. 


A comparison of the results obtained in the analysis of the individual 
products shows a fairly close agreement in composition. None of the 
differences are sufficiently pronounced to warrant any suggestion of a 
mixture of bodies of dissimilar composition, separable by fractional 
extraction or precipitation. Further, the two preparations C, and D, 
treated with 10 per cent. salt solution, do not differ in any marked 
degree from the other preparations. 

Compared with the analyses given by Ritthausen’ there isa striking © 
difference in the content of nitrogen which is difficult to explain. In 
the earlier analyses published by Ritthausen the percentage of nitrogen 


‘was placed at 16°25, which accords fairly well with our results; and in a 


single later analysis of a sample precipitated from an alkaline solution 
of:gluten-casein simply decanted from the undissolved matter, Ritt- 
hausen found 16°17 per cent. of nitrogen. Ritthausen further states 
that the content of carbon is liable to vary considerably in different 
preparations, | 

It is interesting to note the close agreement in percentage of carbon 
and nitrogen between gluten-casein and the casein of milk. 


Gluten-casein. Casein of milk. Casein of milk. 
Chittenden and Hammarsten’. 
Painter‘. 
C 52°87 53°30 52°96 
H 6°99 7:07 7°05 
N 15°86 15°91 15°65 
1:17 0°82. - 0°72 


1 The average of two preparations; one precipitated from a clear filtered fluid, the 
other from a somewhat turbid alkaline solution. 

2 Omitting A,,, which is undoubtedly high. 

3 Die Eiweisskirper der Getreidearten, Hiilsenfriichte und oelsamen. 
Ritthausen, Bonn, 1872, pp. 33—34. 

4 Studies from the Laboratory of Physiological Chemistry, Yale University, Vol. 1. p. 172. 

5 Zeitschrift fiir physiologische chemie, Bd. v1. p. 269. 


von Dr H. 
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Digestion of gluten-casein. 


Purified gluten-casein, doubtless owing to its long contact with 
alcohol, is very slowly soluble in gastric juice; even a very powerful 
pepsin solution acts with extreme slowness, and several days’ warming at 
40° C. are required to convert any quantity of the casein into soluble 
products. The pure, dry casein was brought to a fine powder and 
150—200 grams placed in about 2 litres of a pepsin-acid mixture 
containing 0°2 per cent hydrochloric acid. The pepsin-acid solution 
was prepared’ by digesting the cardiac mucosa from several pigs’ 
stomachs with 0°4 per cent. hydrochloric acid for 7—10 days at 40° C. 
The pepsin, together with more or less albumose, was then precipitated 
by saturating the fluid in the cold with ammonium sulphate, after which 
the gummy precipitate was strained off, dissolved in 0'2 per cent. hydro- 
chloric acid and dialyzed until the ammonium salt was entirely removed. 
The filtered fluid was then mixed-with an equal volume of 0°4 per cent. 
acid, thus making a very pure and active ferment solution. 

In all, three distinct digestions of pure gluten-casein were made, 
each one with a different lot of casein and a different pepsin preparation. 
As a rule, the digestions were continued for 5—8 days at 40° C., and in 
one case the residue remaining undissolved was exposed to the action of 
a fresh pepsin solution for 4—5 days longer. In spite of this vigorous 
and repeated ferment action, however, there invariably remained quite a 
large residue, finely granular, and very slowly soluble in fresh gastric 
juice. 

Examination of the clear, filtered digestive fluid showed in all cases 
the presence of large amounts of proteoses with only a trace of peptone. 
After saturating the neutralized and concentrated digestive fluid with 
ammonium sulphate only a small quantity of proteid matter could be 
detected in the filtrate by means of the biuret test. In other words, 
under the conditions of our experiments, only a trace of the primary 
proteoses first formed were converted by the further action of pepsin 
into peptone, With alkaline solutions of trypsin on the other hand, 
preliminary experiments showed the formation of comparatively large 
amounts of true peptone, non-precipitable by saturation with ammonium 
sulphate, although in this case, as with pepsin-acid, the gluten-casein 
was only slowly dissolved by the digestive fluid. 

The methods of separating the individual caseoses were much the 
same as those previously employed by Kiihne and Chittenden with 


1 Kiihne and Chittenden. Zeitschrift fiir Biologie, Bd. xxu. p. 430. 
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other proteoses. The digestive fluid, filtered from the undissolved 
gluten-casein and casein-antialbumid, was carefully neutralized, the 
neutralization precipitate filtered off, and the clear neutral fluid con- 
centrated to a thin syrup. In the first digestion, this concentrated fluid 
was saturated directly with ammonium sulphate by which a heavy, 
gummy precipitate of all the caseoses was obtained. The gummy mass. 
was dissolved in water and again precipitated by saturation with 
ammonium sulphate. After absorbing all of the salt possible with 
bibulous paper, the caseoses were redissolved in water and the carefully 
neutralized fluid saturated with pure sodium chlorides. A more or less 
gummy mass separated, composed of proto and heterogluten-caseose. 
To this salt-saturated filtrate, the addition of a little 30 per cent. salt- 
saturated acetic acid gave on long standing a more or less copious 
precipitate, composed of a mixture of proto and deuterogluten-caseose. 
On separating the excess of salt from this filtrate by dialysis, and then 
saturating the fluid while hot with ammonium sulphate another gummy 
precipitate was obtained, composed wholly of pure deuterogluten- 
caseose. 

In the second and third digestions, the initial precipitation of all the 
caseoses by saturation with ammonium sulphate was dispensed with, in 
view of the small amount of peptone present, and the concentrated 
filtrate from the neutralization precipitate saturated directly with pure 
sodium chloride, for separation of the proto and heterocaseose. From 
this filtrate, the remainder of the protocaseose and all of the deutero- 
caseose were removed as in the preceding digestion. 


Protogluten-caseose. 


The first sodium chloride precipitate of proto and heterogluten- 
— caseose, after being washed with saturated salt solution, was dissolved in 
water and reprecipitated by saturation with pure salt. The precipitate 
so obtained was then dissolved and dialyzed in running water until all 
trace of chlorine was removed. When the dialysis was finished a small 
amount of gummy matter was found adhering to the parchment, bearing 
a close resemblance to heteroalbumose. Like the latter it was readily 
soluble in dilute salt solution, precipitated by saturation of the solution | 
with salt in substance, soluble in 0°2 per cent hydrochloric acid and 0°5 
per cent. sodium carbonate, but insoluble in water. This by analogy 
would be heterogluten-caseose. The clear solution of protocaseose thus 
freed from hetero was concentrated to a syrup and the proto body 
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precipitated by alcohol. During the concentration of the protocaseose 
solution a trace of a gummy-like mass separated, similar to that 
noticed in the case of protocaseose from the casein of milk’, being 
doubtless a trace of the hetero body slightly soluble in the large volume 
of cold water. The alcohol precipitate of protocaseose was washed 
thoroughly with alcohol and ether, and then dried at 110°C. until ot 
constant weight. 

It has been previously noticed that nearly all protoproteoses are oe 
partially precipitated from a neutral fluid by saturation with salt; 
complete precipitation is obtained only by addition of a little acetic 
acid to the salt-saturated fluid, or by saturation with ammonium 
sulphate. The same is true of protogluten-cuseose; hence in the 
purification of this proto body by reprecipitation with salt, a certain 
amount always remained in the filtrate, from which it was separated by 
addition of a few drops of salt-saturated acetic acid, The protocaseose 
so precipitated was dissolved in water, the solution carefully neutralized 
with sodium carbonate and dialyzed until all salt was removed. The 
filtered fluid was then concentrated and the protocaseose precipitated by 
alcohol, washed and dried at 110° C. 


Following is the composition of the different preparations analyzed : 


Protogluten-caseose from Digestion A. 
Sodiwm chloride precipitate. 
I. 02360 gram substance gave 0:1381 gram H,O = 6°50 per cent. 
H and 0°4330 gram CO, = 50-03 per cent. C. 
II. 0:3853 gram substance gave 0°2227 gram H,O = 6°42 per cent. 
H and 0°7069 gram CO, = 50-03 per cent. C. 
III. 0:2524 gram substance gave 37°4 c.c. N at 17°1°C. and 155: 7 mm. 
pressure = 17°41 per cent. N. 
IV. 0:°2320 gram substance gave 34°8 c.c. N at 18°C. and 7547 mm. 
pressure = 17°58 per cent. N, 
V. 02904 gram substance gave 0°0052 gram ash = 1°79 per cent, 
VI. The ash from 0-2904 gram substance gave stihl gram Ba So, = 
0°34 per cent, 8. 
VII. 0°6068 gram substance gave by fusion with KOH + KNO 00671 


gram Ba So, = 1°51 per cent. S; after deducting 0-34 per cent. 8 
of the ash = 1°17 per cent. 


1 Studies from Laboratory of Physiological Chemistry, Yale University, Vol. 11. p. 81. 
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Average 
C 50°94 50-94 50°94 
H 661 6°53 6°57 
N 1773 17°90 17°81 
O 23°49 

100-00 


Protogluten-caseose from Digestion B. 
Sodium chloride precipitate. 
0°2784 gram substance gave 0°1671 gram H,O = 6°67 per cent. 
H and 05258 gram CO, = 51°50 per cent. O. 
0:3469 gram substance gave 0°6563 gram CO, = 51°59 per cent. C., 


0°2767 gram substance gave 40°6 c.c, N at 15°2°C, and 761°4 mm. 
pressure = 17°49 per cent. N. 


02610 gram substance gave 38°5 c.c. N at 142°C. and 761:3 mm. 
pressure = 17°64 per cent. N, 


- 0°3235 gram substance gave 0-0012 gram ash = 0:37 per cent, 


0:4330 gram substance gave 0°0021 gram ash = 0°48 per cent. 
The ash from 0°7565 gram substance gave 0:0033 gram Ba So, = 
0-06 per cent. S. 

0°5087 gram substance gave by fusion with KOH + KNO, 0:0512 | 
gram Ba So, = 1:38 per cent. 8; after deducting 0°06 per ceat. S 
of the ash = 1°32 per cent. 

0°4173 gram substance gave by fusion with KOH + KNO, 0:0463 
gram Ba So, = 1°52 per cent. 8; after deducting 0-06 per cent, 8 
of the ash = 1°46 per cent. 


Percentage — of the ash-free substance. 


Average 

51:72 51°81 51°77 
1756 1771 - 17°63 

22°51 

100-00 
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Protogluten-caseose from Digestion B. 


Acetic acid precipitate. 
I. 0°:4010 gram substance gave 0:2478 gram H,O = 6°86 per cent. 
H and 0°7566 gram CO, = 51-45 per cent. C, 
II. 0°3224 gram substance gave 0°1964 gram H,O = 6°76 . cent. 
H and 0°6059 gram CO, = 51:25 per cent. C. 
III. 0:2497 gram substance gave 37 c.c. N at 20°C. and 764°5 mm. 
pressure = 17°44 per cent. N. 
IV. 0:2604 gram substance gave 39:1 c.c, N. at 20°4°O, and 763°3 mm. 
pressure = 17°62 per cent. N. 
V. 0°5492 gram substance gave 0°0026 gram ash = 0°47 per cent. 
VI. 05758 gram substance gave 0-0030 gram ash = 0°52 per cent. 
VII. The ash from 1:1250 grams substance gave 0°0056 grams Ba So, = 
0-07 per cent. 8. 

VIII. 05179 gram substance gave by fusion with KOH + KNO, 0°0540 
gram Ba So, = 1°43 per cent. S ; after deducting 0°07 per cent. 8. 
of the ash = 1 ‘35 per cent. 

IX. 0°6050 gram substance gave by fusion with KOH + KNO, 0 0611 


gram Ba So, = 1:38 per cent. S; after deducting 0:07 per cent, S 
of the ash = 1 ‘31 per cent. 


Percentage composition of the ash-free substance. 


51:70 51°50 se 51-60 
689 679 6°84 


Protogluten-caseose from Digestion C. 
Sodium chloride precipitate. 
I, 0°3185 gram substance gave 0°1901 gram H,O = 6°63 per cent. 
. H and 0°5962 gram CO, = 51:04 per cent. C. 
II. 0°3395 substance 0°2053 gram H,O = 6:71 per cent. 


IIT. 0°2543 gram wide gave 36 cc. N at 12: 8° C, and 764-4 mm, 
pressure = 17-08 per cent. N, 
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0:4111 gram substance gave 58 c.c. N at 11°C. and 769°1 mm. 
pressure = 17°23 per cent. N. 

0-3424 gram substance gave 0°0016 gram ash = 0°47 per cent. 
0:4002 gram substance gave 0°0018 gram ash = 0°45 per cent. 

The ash from 0°7426 gram substance gave 0:0032 gram Ba So, = 
0°06 per cent. S. 

0°6432 gram substance gave by fusion with KOH + KNO, 0°0734 
gram Ba So, = 1:56 per cent. 8; after deducting 0-06 per cent. S 
of the ash = 1-50 per cent. 

06054 gram substance gave by fusion with KOH + KNO, 0:0665 
gram Ba So, = 1°51 per cent. 8; after deducting 0-06 per cent. S 
of the ash = 1°45 per cent. 


Percentage composition of the ash-free substance. 
Average 
51°38 
6:70 
17°22 
1°47 
23°23 
100°00 


51°27 
6°66 


51°48 - 
674 


17-15 


17°30 


1°45 


1°50 


Comparing these analyses with each other and with that of gluten- 


casein we find the following results : 


A B B 

| | PP. | casein 

CG | 50-94 | 51-77 | 51-60 | 51°38 | 51-42 | 52:87 
H | 670] 684 | 670| 6:99 
N | 17-81 | 17°63 | 17-61 | 17-22 | 17-56 | 15-86 
~ 1:19 | 1°39 1:33 | 147 | 1:34] 1:17 
O | 23-49 | 22°51 | 22°62 | 23-23 | 22-98 | 23-11 


Contrasted with gluten-casein, the most noticeable differences in 
composition are the diminished content of carbon and the greatly 


increased percentage of nitrogen. 


The former accords well with the 


view that the proto body is one of the first hydrates of gluten-casein, 
and hence lends favor to the now generally accepted theory that in the 
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digestion of proteids with pepsin-acid we have to deal with hydration 
changes. A diminished content of carbon would naturally be accom- 
panied by an increased percentage of nitrogen, but in the present case — 
the increase in nitrogen is far beyond that usually observed. In fact, 
the difference is so great as to almost suggest the view that the gluten- 
casein was contaminated by some non-nitrogenous matter which was 
eliminated by the digestion process. The only probable non-nitrogenous 
impurities, however, are starch and fat, and these certainly were not 
present. 

Protogluten-casein dissolves in water to a slightly turbid solution, 
faintly alkaline. The reactions of the body are in general identical with 
those of protoalbumose’, with one exception, viz. hydrochloric acid 
throws down from the solutions of the former, when not too dilute, a 
white precipitate readily soluble in excess of acid. 

Concentrated solutions of the caustic alkalies when sided to an 
aqueous solution of protocaseose produce at least a turbidity, which 
disappears on the addition of water. 

A single drop of acetic acid added to an aqueous solution causes it 
to become perfectly clear; while the addition of a drop of potassium 
ferrocyanide is followed by an increased turbidity. 

Picric, tannic and phospho-tungstic acids all produce precipitates’ 
when added to an aqueous solution of the caseose. 


- Addition of one drop of 20 per cent. hydrochloric acid causes the ~ 2 


solution of protocaseose to at once clear up. Further addition of the 
acid produces a white precipitate soluble in an excess of the acid. 

One drop of dilute nitric acid gives a turbidity which disappears when 
the solution is agitated. On further addition of acid a permanent 
precipitate is produced, which, however, is dissolved by an excess of 
the acid to a yellow or reddish-yellow solution. 

Cupric sulphate, mercuric chloride and basic lead acetate produce 
heavy precipitates, the first and last readily soluble in excess of the 
precipitant. On boiling a solution of protocaseose with lead acetate and 
potassium hydroxide there is an abundant formation of black sulphide of 
lead. 

Addition of crystals of salt to an aqueous solution of protocaseose 
causes the somewhat turbid fluid to become perfectly clear, but when 
saturated with the salt there is an abundant and heavy precipitate of 
the proto body. The filtrate from the precipitate is perfectly clear, and 


1 Zeitschrift fiir Biologie, Bd. xx. p. 17, 
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is rendered only slightly turbid by boiling. On cooling, this turbidity 
does not disappear. Addition of acetic acid to the cold or boiling 
filtrate from the sodium chloride precipitate causes a decided preci- 
pitate, readily soluble in excess of acid, composed of the proto body not 
precipitated by sult. 

The slight turbidity noticed in an aqueous solution of protocaseose 
is without doubt due to a small trace of the hetero body. This latter 
substance being readily soluble in salt solution, the aqueous solution 
of protocaseose is naturally cleared up at first by the addition of 
crystals of salt. The presence of this trace of heterocaseose in the 
proto body is doubtless to be attributed to the slight solubility of the 
former in a large volume of water, aided perhaps by the protocaseose 
itself. It has already been mentioned that after separation of the bulk © 
of the hetero body by dialysis, concentration of the proto solution 
is often followed by the separation of small drops of gummy matter, 
apparently composed wholly of heterocaseose. Traces of this body 
usually remain mixed with the protocaseose. 


This body: was not found in large quantity, but could always be 
detected associated with proto-caseose, and like the latter is to be 
considered as one of the primary caseoses. Like heteroalbumose it is 
_ characterized by insolubility in water and solubility in weak salt 
solutions, and like protocaseose is precipitated from its solutions by 
saturation with salt. Hence it is obtained fairly pure by simple dialysis _ 
of the first sodium chloride precipitate. It invariably appears in the 
form of a sticky mass adhering to the parchment walls of the dialyzer, 
and can be further purified by dissolving it in 5 per cent salt solution 
and re-dialyzing. In order to prepare it for analysis it is best washed 
thoroughly with alcohol and ether and then dried at 110°C. Only one 
analysis was made, with the following results : 


Heterogluten-caseose. 
I. 0°2776 gram substance gave 0:1689. gram H,O = 6°76 per cent. 
H and 0°5258 gram CO, = 51°65 per cent.C. 
II. 02512 gram substance gave 0°4755 gram CO, = 51-62 per cent. ¢, 
III. 0°3015 gram substance gave 0°1840 gram H,O = 6°77 per cent. H. 


IV. 02544 gram substance gave 37 c.c, N at 14-4°C. and 757-7 mm. 
pressure = 17°30 per cent. N. 
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V. 0°2319 gram substance gave 33°9 c.c. N at 14:5°C, and 760°3 mm. 
pressure = 17°44 per cent. N. | 
VI. 0°3569 gram substance gave 0-0012 gram ash = 0°34 per cent. 
VII. 0°4880 gram substance gave 0°0018 gram ash = 0°37 per cent. 
VIII. 0°4446 gram substance gave by fusion with KOH + KNO, 0°0540 
gram Ba So, = 1°66 per cent. 8. 
IX. 0°5174 gram substance gave by fusion with KOH + KNO, 0:0572 
gram Ba So, = 1:52 per cent. S. 


Percentage composition of the ash-free substance. 

| | Average 

N - 1736 1750 17°43 

O 22°37. 

100-00 
In composition it agrees very closely with protocaseose. It gives 
the ordinary proteid reactions, and like the proto body yields a heavy 
precipitate with cupric sulphate, when the latter is added to a weak 
salt solution of the substance. Nitric and hydrochloric acids added to a 
solution of heterocaseose in sodium chloride produce decided precipitates, 
readily soluble in excess of the reagent. Acetic acid likewise produces 
a precipitate under the same conditions. Heterocaseose differs from the 
proto body not only by being insoluble in water, but also by being more 

- completely precipitated by saturation with salt. 


Acetic acid precipitate. 

As previously stated, protogluten-caseose is not completely precipi- 
tated from a neutral fluid by saturation with salt. On the other 
hand, saturation of an acid fluid with salt not only precipitates all of the 
proto body, but likewise considerable of the deuterocaseose. Hence 
after separation of proto and heterocaseose with salt, addition of salt- 
_ saturated acetic acid precipitates the remainder of the proto body 

together with more or less deutero, The precipitate obtained in this 
manner from the digestion fluid was purified by dissolving in water, 
carefully neutralizing the fluid, and then dialyzing it in running water 
until all of the salt was removed. The fluid was then concentrated, 
filtered and finally precipitated with alcohol, washed and dried. Three 
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such products were analysed, the results agreeing fully with the view 
that the substance separated in the manner above described is made up 
of a mixture of proto and deuterocaseose. 

The following are the results obtained : 


VI. 


Vit. 


Acetic acid precipitate from Digestion A. 


. -0°2491 gram substance gave 0°1478 gram H,O = 6°59 per cent. 


H and 0°4524 gram CO, = 49°52 per cent. C. 
0-3014 gram substance gave 0°1795 gram H,O = 6°61 per cent. H. 


0°2896 gram substance gave c.c. N at 15°5° C. and 754:2 mm. 
pressure = 17°63 per cent. N. 


0-2861 gram substance gave 41°9 c.c. N at 15°3°C, and 760°3 mm. 
pressure = 17°42 per cent. N. 


_ 0°3958 gram substance gave 0°0050 gram ash = 1:26 per cent. 


The ash from 0°3958 gram substance gave 0-0048 gram Ba So, = 
0°16 per cent. S. 

04149 gram substance gave by fusion with KOH + KNO, 0°0455 
gram Ba So, = 1°50 per cent. S; after deducting 0-16 per cent. 8 
of the ash = 1°34 per cent. 


Percentage composition of the ash-free substance. 

Average 
C 60°15 ~ 50°15 
H 667 6°69 «6 68 
N 17°85 17°64 17-74 
~ _ 1:36 1°36 
O 24°07 


100-00 


Acetic acid preciyntate from Digestion B. 
0:4291 gram substance gave 0°2537 gram H,O = 6°57 per cent. 
H and 0-7888 gram CO, = 50°13 per cent. C. 
0°3302 gram substance gave 06099 gram CO, = 50°36 per cent. C, 
0-3464 gram substance gave 49-1 c.c. N at 40°C. and 758°5 mm. 
pressure = 17°51 per cent. N. 


0-2968 gram substance gave 42°6 c.c. N at 12°6°C. and 764:7 mm. 
pressure = 17°34 per cent. N. 


06168 gram substance gave 00044 gram ash = 0°71 per cent. 
05784 gram substance gave 0°0054 gram ash = 0°93 per cent. 
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‘VII. The ash from 1:1584 grams substance gave 0-0058 gram Ba So, = 
| 0-07 per cent. S. 

VIII. 0°4741 gram substance gave by fusion with KOH + KNO, 0.0428 
gram Ba So, = 1:24 per cent. 8; after deducting 0°07 per cent. 8 
of the ash = 1°17 per cent. 

IX. 0°5526 gram substance gave by fusion with KOH + KNO, 0-0484 
gram Ba So, = 1:20 per cent, 8; after deducting 0-07 per cent. 8 
of the ash = 1°13 per cent. 


Percentage composition af the ash-free substance. 


| Average 
C 5054 5077 > 50°65 
6°62 ~ ~ 6°62 
N - 1765. 1748. + 17°56 
8 - Vis 1-16 
24°01 
100-00 
_ Acetic acid precyntate from Digestion C. 
I. 0-3267 gram substance gave 0°1917 gram H,O = 6°52 per cent. 


0:6000 gram CO, = 50-08 per cent. C. | 
II. 02781 gram substance gave 0°1637 gram H,O = 6°54 per cent. 
H and 0°5105 gram CO, = 50°05 per cent. C. 


III, 02744 gram substance gave 39°3 c.c. N at 11°C. and 769°1 mm. 
pressure = 17°50 per cent. N. 

IV. 0°3893 gram substance gave 56 cc. N at 11°C. and 761°3 mm. 

pressure = 17:42 per cent. N. 

0°3678 gram substance gave 0-0051 gram ash = 1-38 per cent. 

0°3534 gram substance gave 0°0044 gram ash = 1°24 per cent. 


Percentage composition of the ash-free substance. 


Average 
C 50°74 50°69 50°72 
6°60 6°62 6°61 


A comparison of these results with the composition of proto and 
deuterocaseose indicates that the acetic acid precipitate is probably 
composed of about three-fifths protocaseose and two-fifths deutero- 
caseose, this supposition being based upon the percentage of carbon in 
the three substances. 3 
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Acetic acid precipitate 


Proto- | Deutero- 
caseose | caseose 
A B C Average 
C | 50°15 | 50°65 | 50°72 | 50°50 | 51°42 | 49°85 
H | 668 | 662; 661); 664)| 670)| 6-69 
N | 17-74 | 17°56 | 17°69 | 17°66 | 17°56 | 17°57 
| 86; | 190]. O81. 
O | 24:07 | 2401.; - 23°94 | 22°98 | 25-08 © 


The reactions are simply such as would be expected from a mixture 
of the two bodies. 


Deuterogluten-caseose. 


After complete separation of protocaseose, together with some of the 
deutero body, from the neutralized digestive fluid, the excess of salt was 
removed by dialysis, after which pure deuterocaseose was separated 
by saturation of the concentrated fluid, while hot, with ammonium 
sulphate. | 
The precipitate appeared in the form of a thin gum floating on the 
surface of the dense fluid. It was dissolved in water and precipitated a 
second time by saturation of the hot solution with ammonium sulphate. 
It was then dialyzed until barium chloride gave no reaction for sulphuric 
acid, the solution concentrated and the deuterocaseose precipitated by 
alcohol, washed with alcohol and ether and dried at 110°C. until of 
constant weight. Three seca were analyzed with the following 
results : 


Deuterogluten-caseose from Digestion A. 
I. 02410 gram substance gave 0°1456 gram H,O = 6-71 per cent. 
H and 0:4294 gram CO, = 48°58 per cent. C. 
II. 0°4333 gram substance gave 0’2546 gram H,O = 6°52 per cent. 
H and 0°7765 gram CO, = 48°86 per cent. C. 


IIT. 0°3041 gram substance gave 43-4 c.c. N at 148°C. and 762°8 mm. 
: pressure = 17°06 per cent. N. 


IV. 03260 gram substance gave 46°6 c.c. N at 14°6°C. and 760-9 mm. 
pressure = 17-06 per cent. N, 

V. . 0°3558 gram substance gave 0°0075 gram ash = 2°10 per cent. 

VI. 0°4131 gram substance gave 0:0085 gram ash = 2°05 per cent. 
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The ash from 0°3558 gram substance gave 0-0041 grem Ba So, =: 
0°15 per cent. S. 
0°4636 gram substance gave by fusion with KOH + KNO, 0:0396 


gram Ba So, = 1:17 per cent. 8; after deducting 0°15 per cent. 8 
of the ash = 1-02 per cent. 


0°5289 gram substance gave by fusion with KOH + KNO, 0:0409 
gram Ba So, = 1:06 per cent. 8; after deducting 0°15 per cent. 8 
of the ash = 0°91 per cent. 


| Percentage composition of ash-free deuterogluten-caseose A. 


C 
H 
N 
8 
O 


Average 
49°75 

17 42 
0°98 
25°10 
100-00 


49°61 
6°85 


49:89 
6-66 


17°42 


1-04 


0°93 


17°42 


Deuterogluten-caseose from digestion B. 
0°3217 gram substance gave 0°1854 gram H,O = 6°40 per cent. 
H and 0°5671 gram CO, = 48°07 per cent. C. 
0°3228 gram substance gave 0°1850 gram H,O = 6°36 a cent. 
H and 0°5671 gram CO, = 47-90 per cent. C. 
02927 gram substance gave 41-6 c.c. N at 13°C. and 764-7 mm. 
pressure = 17°14 per cent. N. 
02780 gram substance gave 39:1 c.c. N at 11°C. and 764-9 mm, 
pressure = 17°10 per cent, N. 
0:2927 gram substance gave 0:0078 gram ash = 2°66 per cent. 
0-4679 gram substance gave 0:0123 gram ash = 2°63 per cent. 
The ash from 0°7606 gram substance gave 0-046 gram Ba So, = 
0-08 per cent. 8. 
0°4575 gram substance gave by fusion with KOH + KNO, 0:0308 
gram Ba So, = 0°92 per cent. S; after deducting 0-08 per cent. 8 
of the ash = 0°84 per cent. 


composition of ash-free -caseose B. 


Average 
49-29 
6°55 
17°58 
0°86 
25°72 


49°37 
6°57 


17-56 


17-60 
0°86 


100-00 
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Deuterogluten-caseose from Digestion C. 
I, 0°3607 gram substance gave 0-2190 gram H,O = 6°74 per cent. 
H and 0°6575 gram CO, = 49°71 per cent. C. 
II. 0°3707 gram substance gave 0:2199 gram H,O = 6:59 per cent. 
H and 0-6765 gram CO, = 49°76 per cent. C. 
III. 0:2434 gram substance gave 35°7 c.c. N at 14°3°C. and 757°6 mm. 
pressure = 17°45 per cent. N. 
IV. 02679 gram substance gave 39:3 c.c. N at 15°C, and 758-9 mm. 
pressure = 17°44 per cent, N. 
V. 0°3332 gram substance gave 0:0052 gram ash = 1-56 per cent. 
VI. 03082 gram substance gave 0:0045 gram ash = 1°46 per cent. 
VII. The ash from 0°6414 gram tibatance gave 0°0056 gram Ba So, = 
0°12 per cent. S. 
VIII. 0-6751 gram substance gave by fusion with KOH + KNO, 0:0323 
gram Ba So, = 0°66 per cent. S; after deducting 0°12 per cent. S 
Of the ash = ‘0-54 per cent. 
IX. 0°4495 gram substance gave by fusion with KOH + KNO, 0:0236 | 
gram Ba So, = 0°72 per cent, 8; after deducting 0°12 per cent. 8 


of the ash = 0-60 por cent. 
Percentage composition of ash-free deuterogluten-caseose C. 
Average 
C 5047 50°52 _ 50°50 
H 6°84 6°69 6:77 
O 24°44 
100-00 


Like other forms of deuteroproteose this body is characterized by a 
low content of carbon, the average percentage for the three preparations 
being 49°85 against 52°87 per cent. for the original gluten-caseimm. This 
speaks more plainly still for the hydration theory, and we might well 
call the deutero body a hydrate of the primary caseoses aes and 
hetero. 

Deuterocaseose like deuteroalbumose is characterized by extreme 
solubility in water, non-precipitation by saturation of its aqueous 
or acid solution with sodium chloride, non-precipitation by nitric or 
hydrochloric acid, a very faint turbidity by acetic acid and potassium 
ferrocyanide. 

PH. XI. 30 


a, 
ie 
a 
; 
> 
* 
7 
if 
ig 
au 
WH 
‘a 
4 
> 


434 R. H. CHITTENDEN AND ERNEST E. SMITH. 


Basic lead acetate and mercuric chloride give precipitates, the 
latter insoluble in excess of the reagent. Dilute solution of cupric 


sulphate and caustic potash give a very bright red color, more brilliant 


apparently than the color given by proto and heterocaseose. 

Cupric sulphate, which Neumeister has found gives no reaction 
_ with pure deuteroalbumose, gives a slight turbidity when added to a 
strong solution of deuterocaseose. 

Considering all of the foregoing results it is evident that gluten- 
casein when digested by an artificial gastric juice is converted into 
soluble products, which bear essentially the same relation to the mother 
substance as the albumoses of albumin or fibrin do to the mother proteid. 


There is no essential difference in the general character of the products 


formed, in this case at least, between the animal and the vegetable 

proteid. Both yield, by the action of pepsin-acid, a proportionately 

large amount of proteoses and a small amount of true peptone. The 

gluten-caseoses, both in composition and reaction, show the ordinary 

proteose characteristics, and the composition of the individual products, 

as indicated by the gradually diminished percentage of carbon, suggests 
that they are formed by a gradual process of hydration. 
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CRYSTALLINE GLOBULIN AND GLOBULOSES, OR 
_VITELLOSES. By R. H. CHITTENDEN, Professor of 
Physiological Chemistry, anv J. A. HARTWELL, Assistant in 


Physiological Chemistry. 


(Contributions from the Shefild Laboratory of 
Yale University.) 


IN any investigation of the character and composition of the 
primary products formed in the digestion of a proteid body, the purity 
of the proteid must be well assured. Crystallized phyto-vitellin without 
doubt constitutes the purest material at present available for such 
study, since the obtaining of the body in a well crystallized form affords 
a guarantee of purity seldom attained by albuminous substances, In 
considering, therefore, the cleavage products formed in the digestion of 
some of the vegetable proteids, we have naturally turned to this body 
as one of the first to be studied. The great labor and time attendant 
upon the preparation of sufficient material _ been the only crewback 
to the work. 

The globulin, or vitellin as it is often termed, was prepared wholly 
from squash or pumpkin seeds, following in general Drechsel’s method 
as recommended by Griibler*. The seeds were first freed from their 
shells, after which they were chopped fine and ground to a coarse 
powder. The powdered material was then shaken vigorously in flasks 
with petroleum-ether, or benzin, by which the proteid granules were 
separated from the surrounding tissue. On quickly decanting the 
_benzin from the comparatively heavy tissue, the proteid grains were 
poured off and gradually settled out in the form of a white powder. 
They were then repeatedly shaken with ether until all fats and coloring 
matters were entirely removed. On being dried in the air the material 
was in the form of a loose white powder, which under the microscope 
had the appearance of small, round globules or granules mixed with 
more or less amorphous matter and fine particles of tissue. After many 


1 ‘*Ueber ein Krystallinisches Eiweiss der Kiirbissamen.” Journal fiir Praktische 
Chemie, Band xxiii. pp. 104—105. 
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repetitions of this process with fresh lots of material, a sufficient 
quantity was obtained for the next step. This consisted in extracting 
the crude material with a solution of 10 per cent. sodium chloride at 
ordinary temperature, with frequent agitation for 10—12 hours or 
longer. The solution was then filtered from the undissolved residue 
and the dissolved globulin precipitated by saturation of the extract with 
pure salt. In this manner a white, somewhat sticky precipitate of 
globulin was obtained which was collected on a filter, washed well with 
water, and finally dissolved in 20 per cent. salt solution. This salt — 
solution was then diluted with water until quite turbid, when the 
vessel was placed in a large water-bath and warmed gently until the 
turbidity disappeared. This required a temperature of about 30° C., but 
care had to be exercised in the dilution, for if too much water was 
added the solution would not clear up on warming. After the fluid 
had become clear, water of the same temperature (30°C.) was carefully 
added until the solution again showed a milky turbidity. The fluid 
was then placed in a bath at a temperature of 55°C., and as the 


temperature of the salt solution gradually rose to 40° or 42°C. the 


solution again became clear, indeed, almost as transparent as pure 
water. On allowing the solution to cool very gradually, it soon showed 
a turbidity, and by the time the temperature had fallen to 15° or 20°C. 


a decided precipitate was to be seen, which at the end of 24 or 48 hours 


had settled wholly to the bottom of the dish. This precipitate, under 
the microscope, was seen to be crystalline, and in fact was composed 
entirely of small, but well defined octahedra. After decantation of the 
clear, supernatant fluid, the crystals were collected on a small filter, 
washed with water until the washings were free from chlorine, then 
washed successively with 95 per cent. alcohol, absolute alcohol and 
ether. Dried then quickly in a current of air the product was left as a 
light, white powder with the crystalline form well preserved. In some 
cases, where the conditions were apparently most favorable, the crystals 
formed were comparatively large. They invariably had the form of 
regular octahedra, the edges measuring 015—017 mm. and the central 
axes ‘0212 mm. 

The crystals contained considerable water, a portion of which was 
lost on exposure to the dry air of a desiccator, while the remainder 
required a temperature of 100—110°C. for its complete removal. Thus 
one preparation of the air-dried crystals weighing 3°639 grams lost over 
concentrated sulphuric acid 0°213 gram of water = 5°85 per cent., and at 
110°C., 0160 gram of water=439 per cent., making a total loss of 10°24 
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per cent. of water. This result agrees fairly well with the results 
obtained by Griibler’, who states that the average content of water in 
the air-dried crystals amounts to about 10 per cent., of which about 
one-half (5°31 per cent.) is lost on exposure to dry air. 

The crystals responded to all of the general reagents for siubiide, : 
giving good reactions, especially with Millon’s reagent, with the biuret 
and xanthoprotein test. The crystals were readily soluble in 0:2 per 
cent. hydrochloric acid and in dilute acetic acid, the globulin being 
precipitated therefrom on neutralization with sodium carbonate. The 
substance was likewise soluble in 0°5 per cent. sodium carbonate and 
precipitated by neutralization. 

_ The crystals dried at 110°C. contained on an average 0°30 per cent. 
of ash; Griibler found between 0°34 and 0:16 per cent. 

The dried crystals (at 110°C.) were tested for chlorine as follows: 
0°5134 gram substance was dissolved in water with the aid of a little 
pure sodium carbonate in a roomy platinum dish, the solution evapo- 
rated to dryness and gradually carbonized. The carbonaceous mass was 
then repeatedly extracted with water, the extracts concentrated, made 
acid with a drop of very dilute nitric acid, neutralized with a little pure 
calcium carbonate and the fluid titrated with a weak standard solution 
of silver nitrate. In this manner the crystals were found to contain 
0047 per cent. of chlorine. Griibler found 0°04 per cent. 

A sample of the crystals dried at 110°C. until of constant weight 
gave on analysis the following results for carbon, nitrogen, etc.: 


Crystallized Globulin. 


I. 0:3022 gram substance gave 0°1898 gram H,O = 6:97 cent. H 
and 0°5716 gram CO, = 51°58 per cent. C. 

II. 0.2586 gram substance gave 0-1614 gram H,O = 6-93 per cent. H 
and 0°4878 gram CO, = 51-44 per cent. C. 

III. 0-3764 gram substance gave 0:7086 gram CO, = 51-33 per cent. C. 

IV. 03421 gram substance gave 53°2 c.c. N at 10°1°C. and 758°5 mm. 
pressure = 18°79 per cent. N. 

V. 03397 gram substance gave 53:0 c.c. N at 10-9°O, and 755°3 mm. 
pressure = 18-72 per cent. N. 

VI. 04600 gram substance fused with KOH+KNO, according to 
Hammarsten’s method gave 0°0327 gram BaSo, = 0:97 per 
cent. 8. 

i Loe, cit., p. 108. 
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VII. 0°4920 gram substance fused with KOH + KNO, gave 0:0382 = 
BaSo, = 1-06 per cent. 8. 
_VITI. 0°3225 gram substance gave 00010 gram ash = 0°31 per 
IX. 0°3117 gram substance gave 0:0009 gram ash = 0°29 per cent. 


Percentage composition of the ash-free substance. 


C 51:73 5159 51:48 - - 51°60 
O | 


In preparing the quantity of crystallized globulin needed for our 
purposes we were compelled to repeat the process of separation many 
times, and in so doing observed several peculiarities possibly worthy of 
note. One was the apparent transformation of the crystals into a 


_ peculiar spheroid form. The best instance of this was observed on 


dissolving up a large crop of very small crystals with the intention of 
recrystallizing them, in order to increase their size. The crystals 
dissolved completely in the 20 per cent. salt solution, and the separation 
went on as usual, but the product when examined proved to be composed — 
wholly of the spheroid forms above mentioned. In one other case the 
final product proved to be a mixture of spheroids and crystals. The 
separation of this form is probably due to lack of the right proportion — 
of salt solution, or of some other condition necessary for the separation 
of the regular crystals. Griibler speaks of occasionally obtaining 
“kugelig-krystallinische” forms, with which our spheroids are probably 
identical. In composition they are essentially the same as the octa- 
hedral crystals. 


Spheroid Form. (Dried at 110°C.) 
I. 0:3289 gram substance gave 0:2045 gram H,O = 6-91 per cent. H 
and 0°6237 gram CO, = 51°71 per cent. C. 
II. 02389 gram substance gave 0'1482 gram H,O = 6°89 per cent. H 
and 0°4560 gram CO, = 52°05 per cent. C. 
III. 0°2332 gram substance gave 0-1460 gram H,O =695 per cent. H - 
and 0°4432 gram CO, = 51:82 per cent. C. 
IV. 0:2974 gram substance gave 46°6 cc, N at 99°C. and 765 mm. 
pressure = 19-11 per cent. N. 
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0-2750 gram substance gave c.c. N at 11°3°C. aud 764°6 mm. 


pressure = 18°93 per cent, N. 


VI. 0-4983 gram substance fused with KOH + KNO, gave 0-0379 


t : gram BaSo, = 1-04 per cent. 8. 


VII. 0°4885 gram substance gave 0°0017 gram ash = 0°36 per cent. 


C 

H 693 691 607 . 
N - 18°99 1917 — 
8 
O 


until of constant weight : 


Amorphous Globulin. 


and 06777 gram CO, = 51°75 per cent. C. 
and 0:4982 gram CO, = 51-88 per cent. C. 
pressure = 18°65 per cent. N. 


pressure = 18°78 per cent. N. 


0-5091 gram substance gave an unweighable ash. 


51:89 52°22 52-00 


_ Percentage composition of the ash-free substance. 


Average 
52°03 
6°93 
19-08 
1-04 
20°92 
100-00 


The crystallized globulin i is not apparently changed by water under 
ordinary circumstances; the crystals can be washed for any reasonable 
length of time without their crystalline form undergoing any noticeable 
change. Once or twice, however, we noticed that a crop of freshly 
separated crystals on standing for some time under water became 
gummy; and in one instance an entire crop of crystals was changed in 
this manner into a gummy mass, which by treatment with alcohol and 
ether was ultimately converted into a white, amorphous powder. 

This product on analysis was found to be practically free from ash, 
otherwise it had essentially the same epee pemtion as the crystallized 
globulin, and is apparently related to Barbieri’s amorphous albumin. 

Following are the results of the analysis of the body, dried at 110°C. 


I. gram substance gave 0°2217 gram H,O = 
II. 0:2619 gram substance gave 0°1643 gram H,0 = 6-97 per cent. H 
III. 0:4483 gram substance gave 68 c.c. N at 9:2°C. and 768°9 mm. 
IV. 0°3425 gram substance gave 52°8 c.c. N at 9:1°C, and 761°6 mm. 


V. 0°8073 gram substance gave 0:0586 gram BaSo,= 0-99 per cent. 8. 
VI. 0:8667 gram substance gave 0-0662 gram BaSo, = 1-04 per cent. S. 
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_ Percentage composition of the ash-free substance. | 


51°75 
6°90 


51°88 


6°97 


18°65 18°78 


1:04 


Average 
51°81 
6°94 
18°71 
1:01 
21°53 
100-00 


The following table of average results shows the relationship of the 
three products to each other and to like products from the same source, 
analyzed by Griibler, Ritthausen and Barbieri: 


 |Crystalline? 
Amorphous | Crystalline 
Crystalline} Spheroid |Amorphous Globulin Ghobulin Globulin 
Globulin | Globulin | Globulin (Barbieri) (Griibler) poo 
C | 5160 | 52°03 | 51-81 51°88 | 53-21 51°61 
H 6:97 6:93 6-94 751 7:22 7:00 
N | 1880 | 19-08 18-71 18-08 19-22 
101 1:04 1-01 0-60 1-07 
O | 2162 | 20°92 | 2153 | 21:93 | 19:10 
10000 | 10000 | 100-00 | 100-00 
Ashi 090 0 (018 


It is evident that the three forms of globulin obtained by us have 
essentially the same composition, and further that the crystallized 
globulin or vitellin agrees exactly in its content of carbon with the body 
analyzed by Ritthausen, This investigator found from a series of 
analyses that the extreme variations in the percentage of carbon were 
51'33—52°02, and attributed Griibler’s high results (53°21 per cent.) 
to the use of chromate of lead in the combustions. However this may 
be, our results appear to confirm Ritthausen’s in the percentage of 
carbon, Regarding nitrogen, our results are somewhat lower than those 
obtained by Griibler, but agree very closely with the content of 
nitrogen as found by Ritthausen in the crystallized albumin or vitellin 
from hemp (18°73 per cent.) and from Ricinus (18°58 per cent.), 


1 Calculated on ash-free substance. Journal fiir Praktische Chemie, Band xxv. p. 136. 
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Digestion of Crystallized Globulin. 


20 grams of pure crystallized globulin were dissolved in 700 c.c. 
of 0:2 per cent. hydrochloric acid, a little pure pepsin added, and the 
mixture placed at 40°C. The digestion went forward somewhat slowly. 
At the end of 20 hours, neutralization of a few cubic centimeters of the 
fluid gave a heavy precipitate which was in part composed of unaltered 
vitellin, as indicated by its partial solubility in 10 per cent. salt solution. 
The mixture was kept at 40°C. for 68 hours, at the end of which time 
only a slight neutralization precipitate was obtained. This latter was 
made up entirely of syntonin, as evidenced by the fact that it was 
wholly insoluble in salt solution. There was likewise formed a small 
quantity of an insoluble substance termed by Neumeister’, anti- 
vitellid, comparable to the antialbumid formed in the pepsin digestion 
of albumin. This body, like antialbumid or dyspeptone, is insoluble in 
0-4 per cent. hydrochloric acid, but dissolves readily in 0°5 per cent. 
sodium carbonate and in dilute solutions of potassium hydroxide. 
Addition of dilute acid to the sodium carbonate solution fails to pre- 
cipitate the body until the acid is present in slight excess, thus 
indicating that the antivitellid formed in pepsin digestion is an acid 
compound. The substance gives the ordinary biuret reaction, and when 
boiled with potassium hydroxide and lead acetate shows the reaction for 
sulphur. It contains considerable ash. 

The digestive fluid, filtered from the insoluble antivitellid and the 
slight neutralization precipitate, was concentrated to a thin syrup, 
during which a slight coagulum separated, apparently of the same 
nature as the neutralization precipitate. On saturation of the fluid 
with pure salt a heavy, gummy precipitate resulted, composed of 
protoglobulose or vitellose with a trace of the hetero body. Addition 
of salt-saturated acetic acid to this filtrate gave a second gummy 
precipitate of proto and deuteroglobulose. On separating the excess 
of salt from this filtrate by dialysis, and saturating the fluid with 
ammonium sulphate, pure deuteroglobulose was precipitated, likewise 
in the form of a gummy mass. A decided peptone reaction was obtained 
in the filtrate from this latter precipitate. 

Dialysis of the sodium chloride precipitate until the ak was 
completely removed from the fluid failed to show anything more than 
a trace of heteroglobulose, By concentrating this salt-free solution of 


1 “ Ueber vitellosen.” Zeitschrift Sitr Biologie, Band xxiii. p. 406. 
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protoglobulose and precipitating with alcohol, the proto body was 
obtained quite pure. The yield of dry product amounted to a little 
over 3 grams. 

The reactions of protoglobulose or vitellose agree essentially with 
the reactions previously described by Neumeister’. It is readily 
soluble in water to a clear solution. The aqueous solution is partially 
precipitated by saturation with salt; wholly — by saturation 
with salt and addition of a little acetic acid. 

Cupric sulphate, mercuric chloride and basic lead aéetate produce 
precipitates readily soluble in excess of the precipitants. : 

Tannic acid gives a precipitate, even in a dilute solution, partially 
soluble in excess of the acid. 

Cupric sulphate and caustic potash produce the ordinary biuret 
reaction. 

Boiling with caustic alkali and lead acetate causes the formation of 
a dark brown color, due to sulphide of lead. 

Nitric acid at first gives a precipitate readily soluble in slight 
excess of acid, the solution on heating showing the characteristic yellow 
color. Acetic acid and potassium ferrocyanide give a noticeable 
precipitate. 

A sample dried at 110°C. until of constant weight gave on — | 
the following — 


Protoglobulose, first pepsin digestion. 
I. 0°3383 gram substance gave 0:2093 gram H,O =6:87 per cent. H 
and 0°6300 gram CO, = 50°78 per cent. C. 
II. 0:3099 gram substance gave 0°1925 gram H,O=6°90 per cent. H 
and 05785 gram CO, = 50°90 per cent, C, 
III. 0:3490 gram substance gave 53°6 c.c. N at 15°9°C. and 766-7 mm. 
- pressure = 18°36 per cent. N. 
IV. 0°3320 gram substance gave 51°7 c.c. N at 16°8°C. and 763°8 mm. 
pressure = 18°51 per cent. N. 


V. 03127 gram substance gave 0:0041 gram ash = 1°31 per cent. 


Percentage composition of the ash-free substance. 


Average 

C 51°46 51°57 51°52 
6:96 6°99 —- 698 
N 1860. 1874 18°67 


i Loe. cit., p. 407. . 
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.. The acetic acid precipitate, composed of a mixture of proto and 
deuteroglobulose, was purified by dissolving it in water, carefully 
neutralizing and dialyzing the solution until it was wholly free from 
sodium chloride and acetate. A trace of heterovitellose separated 
during dialysis. The substance was finally precipitated from the 
suitably concentrated fluid by alcohol, and after washing with alcohol 
and ether and drying was ultimately obtained as a white — 
weighing 2°75 grams. 
Dried at 110°C. it gave the following results on analysis : 


Acetic acid precipitate, first pepsin digestion. 
I. 0-3586 gram substance gave 02186 gram H,O =6°77 per cent. H 
and 06648 gram CO, = 50°55 per cent, C. 
II. 0:3474 gram substance gave 0°2100 gram H,O=6-71 per cent. H 
: and 0°6443 gram CO, = 50°57 per cent. C. 
III. 0:3234 gram substance gave 51:3 c.c. N at 16-0°C. and 760-2 mm. 
- pressure = 18-82 per cent. N. 


IV. 03039 gram substance gave 48°3 c.c. N at 150°C. and 757 mm. 
pressure = 18°85 per cent. N, 


V. 0:5468 gram substance gave 0-0049 gram ash = 0°89 per cent, 
VI. 0-4988 gram substance gave 0°0048 gram ash = 0°96 per cent. 


Percentage composition of the neta substance. 


Average 
C 51:02 51-04 51°03 
H 683 6°77 6°80 
N 18:99 19-02 19-00 


The reactions of the substance were such as would be expected from 
a mixture of proto and deuteroglobulose. 

Pure deuteroglobulose was obtained by dialyzing the ammonium 
sulphate precipitate mentioned above, until the ammonium salt was 
entirely removed, concentrating the fluid to a syrup and precipitating 
with alcohol. The dried product amounted to a little over 2 grams, 

Deuteroglobulose so prepared shows much the same reactions as the 
deuteroglobulose* from animal globulin, which in turn does not differ 
materially from deuteroalbumose. 


1 Kiihne and Chittenden. Zeitschrift fir Biologie, Band xxii. p. 409. 
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Acetic acid and nitric acid produce a precipitate only after addition 
of sodium chloride to saturation. 

Saturation of an aqueous solution with salt gives no precipitate 
whatever. 
Acetic acid and potassium Siesta cause a decided turbidity. 

Cupric sulphate, as noticed by Neumeister’, gives a pronounced 
turbidity, thus suggesting that deuterovitellose is either not wholly — 
free from the proto or hetero body, or else that it differs in this reaction 
from most other deuteroproteoses, _ | 

The reactions in general agree with those described by Neu- 
meister. 


Dried at 110°C., and analyzed, the following results were obtained : 


Deuteroglobuloe, first pepsin digestion. 
I, 00-3924 gram substance gave 02322 gram H,O =6-57 per cent. H 
and 0°7019 gram CO, = 48:77 per cent. C. 


II. 02831 gram substance gave 0°1654 gram H,O = 6°49 per cent. H 
: and 05074 gram CO, = 48°87 per cent. C. 


III. 0:2990 gram substance gave 45:3 c.c. N at 15: 3°0. and 754-6 mm. 
pressure = 17°89 per cent. N. 


IV. 0:3218 gram substance gave 48-4 cc. N at 15°C. and 755-9 mm. 
pressure = 17°81 per cent. N. : 


V. 0-4078 gram substance gave 0:0130 gram ash = 3°18 per cent. 
VI. 0:4200 gram substance gave 00134 gram ash = 3:19 per cent. 


Percentage composition of the ash-free substance. 


Average 
C 5037 5047 - 50-42 
H 678 670 674 
N ‘18 ‘47 18°39 18°43 


A second pepsin digestion was made, likewise with 20 grams of 
pure crystallized globulin or vitellin, differing, however, from the first 
digestion in that a more powerful pepsin mixture was employed and 
the digestion continued at 40°C. for a longer time, viz. 117 hours. 
At the end of this time there was a small insoluble residue of anti- 
vitellid, as in the first digestion, but on careful neutralization of the 


fluid no precipitate of syntonin whatever was obtained; likewise, no 


1 Loe, cit., p. 410, 
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trace of a coagulum on concentration of the neutral fluid. The vitelloses 
were separated after the method already described, but the influence 
of the increased digestive action was plainly apparent in the variation 
in the amount of vitelloses found. Whereas in the first digestion the 
amount of pure, dry protovitellose was over 3 grams; in this digestion 
with the same quantity of globulin the yield of dry product amounted 
to only halfa gram. Further, the quantity of vitelloses precipitated by 
the salt-saturated acetic acid was somewhat smaller than in the first 
digestion. Of pure deuteroglobulose, however, the yield was larger 
than in the first digestion, while of peptone the strong biuret reaction 
in the filtrate from the vitelloses gave evidence of a considerable 
amount of the final product of peptic action. This result is a good 
illustration of the way in which the primary proteoses (proto and 
hetero) are converted by continued digestive action into the deutero 
body and thence into peptone. 

Analysis of the purified deuteroglobulose separated from this second 
digestion gave evidence of a lower content of carbon than was found in 
the first product; a difference which does not admit of easy explanation. 
There was no noticeable difference in the reactions of the two bodies, 
and the only plausible suggestion we can make to account for the 
difference in composition is that there may be two or more deutero- 

vitelloses representing different stages of hydration, the first convertible 
into the second, just as the proto body is converted into the deutero by 
prolonged or increased peptic action. 

The composition of the deuterovitellose, ied at 110°C., from the 
second digestion is shown by the following results : 


Deuteroglobulose, second pepsin digestion. 
I. 0-2131 gram substance gave 0°1258 gram H,O=6°56 per cent. H 
and 0°3784 gram CO, = 48-42 per cent. C. 
II. 0°3851 gram substance gave 0:2306 gram H,O = 6-65 per cent H 
and 0°6857 gram CO, = 48°55 per cent. C. 


IIL 0:2429 gram substance gave 36°6 c.c. N at 11:0°C. and 771-2 mm. 
pressure = 18°46 per cent. N, 


“TV. 0-2518 gram substance gave 38°3 N at 11-1°C, and 767-4 mm. 
pressure = 18-53 per cent, N. 


. 0°2130 gram substance gave 0:0034 gram ash = 1:59 per cent. 
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Percentage composition of the ash-free substance. 


Average 
C 49:20 49°33 49°27 
H 6°66 6°75 6:70 
- —- 1875 1882 1878 


In view of the low content of carbon in this body the acetic acid 
precipitate was analyzed, with the following results : 


I. 0°4810 gram dried substance gave 0°2831 gram H,O=6:54 per 
cent. H and 0°8530 gram CO, = 48°36 per cent. C. 
II. 02814 gram substance gave 0:1672 gram H,O=6°60 per cent. H 
and 0:5005 gram CO, = 48°50 per cent. C. 
TIT. 0:3045 gram gave 00042 gram ash = 1°37 per cent. C. 


For the ash-free substance. 


Average 
C 4903 49:17 49-10 
H 663 6°66 


We are led to infer from this last result that the above acetic acid 
precipitate is composed mainly of deuterovitellose, and further that the 
_ deutero body so precipitated is of essentially the same composition as 
the ammonium sulphate precipitate of deuterovitellose. The corre- 
spondingly low percentage of carbon certainly favors such a view. 

This is as far as we have been able at present to carry our study of 
the vitelloses. Scarcity of pure vitellin, and the great loss attendant 
upon the purification of the vitelloses, and especially of the peptone, 
have combined to render the undertaking a somewhat difficult one. 
The necessity of continuing the digestion until all of the globulin was 
converted into globuloses led practically to a complete loss of hetero- 
vitellose, and consequently of this body we obtained barely enough for 
a few reactions. These, so far as we were able to try them, agreed 
substantially with the results obtained by Neumeister. 

We have, however, in this Study had the composition of the 
globuloses or vitelloses mainly in view, and on this account, from 
scarcity of material, have passed over many reactions which would have 
been interesting to try. Previous work with other proteoses has shown 
plainly that in gastric digestion the changes are as a rule hydrolytic in 
nature; protoproteose, deuteroproteose and peptone resulting from a 
series of gradual hydrations, as indicated by the gradually diminished 
percentage of carbon. 
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With such a pure proteid as crystallized globulin it seemed, there- 
fore, of special importance to study the composition of its cleavage 


products. The results as seen in the following table are of the same 


general order as found with other proteids. 


Cc N 
Vitellin | 5160 697 1880 
Protovitellose 5152 698 1867 

_ Acetic acid precipitate 5103 680 1900 
 Deuterovitellose 50°42 6-74 18-43 
Acetic acid precipitate 4910 6°66 

Deuterovitellose 49-27 6-70 18°78 


Between the original vitellin and protovitellose there is practically 
no difference in composition. Between deuterovitellose and the mother 
proteid, on the other hand, there is a marked difference in the- per- 
centage of carbon, more pronounced in the second digestion than in 
the first. In the content of nitrogen there is no essential difference. 

The results collectively agree very closely with previous results 
obtained with the. globulin body myosin, the composition of the 
myosinoses* bearing almost exactly the same relationship to myosin as 
the vitelloses do to the crystallized globulin. 

With the proteolytic ferment trypsin we tried but a single experi- 
ment, and for that we had only 10 grams of the crystallized globulin. 
This was dissolved in 0°5 per cent. sodium carbonate, a little pure 
trypsin added and the mixture warmed at 40°C. with addition of a 
little thymol. At the end of three days, neutralization with hydro- 
chloric acid gave a decided precipitate, which proved to be mainly 
unaltered vitellin. In the filtrate there were some vitelloses, but 
apparently more peptone than primary products. There was likewise 
an abundance of leucin and tryosin, easily recognizable from their 
crystalline form as well as by their reactions. Further, with bromine 
water the characteristic rose or violet color was obtained. 


1 Kiihne and Chittenden. Zeitschrift fiir Biologie, Band xxv. p. 358. Also Studies 
from Laboratory of Physiological Chemistry, Yale University, Vol. m1. p. 147. 
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THE PROTEIDS OF MILK. By W. D. HALLIBURTON, 
M.D., B.Sc., Professor of Physiology, King’s College, London. 


(From the Physiological Laboratories of U: niversity College, and 
King’s College, London.) 


IN addition to the principal proteid of milk, known as casein, there 
have been at various times other proteids described by different ob- 
servers; these may be enumerated as follows:—an albumin called 
Jact-albumin, a globulin called lacto-globulin, a proteid which has been 
called lacto-protein, a proteid which appears on the occurrence of the 
rennet fermentation, and which has been called whey-proteid, and 
lastly peptone, which term includes both true peptone, and substances 
of the proteose or albumose class. 

It thus appears, that there may be as many as six or seven different. 
proteids in milk if all these statements are to be taken as correct, 
and it was with a view to testing their mens that the present 
investigation was undertaken. 

The only milk I have examined has been cow’s milk; it will be 
convenient to describe my experiments under the head of the various 
proteids which have just been enumerated. 


1. Casein. 


This word is differently used by various writers. Most appear to 
employ it indiscriminately for the proteid in the milk itself which can 
be made to clot with rennet, and for the curd which is the result of the 
rennet action. It appears to be most important that a distinction 
should be drawn between these two substances; the proteid in the 
milk itself is apparently partly dissolved, and partly in suspension there; 
the curd is quite insoluble in the liquid medium (whey) from which it 
separates. Professor Foster alone, so far as I have been able to find, 
recognizes this distinction by giving different names to these two sub- 
stances; he reserves the term casein for the proteid which is present in 
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the milk, and the insoluble casein or curd, produced by the ferment 
action of rennet he calls tyrein’. It has been my custom in my lectures 
for some years past to distinguish the two proteids by different names ; 
the proteid in the milk I have called caseinogen, and that which 
composes the curd, casein. Though the actual nomenclature, ulti- 
mately adopted, matters but little, I am disposed to think that the 
terms I have suggested have certain advantages over those proposed 
by Professor Foster. Both casein and tyrein mean the same thing, 
one being derived from the Latin caseus, the other from the Greek 
tupos (cheese); the words caseinogen and casein, on the other hand, 
have different meanings, which convey to the mind the relationship of 
the two substances to one another, and are moreover framed on the 
same pattern as the names of other substances like fibrinogen and 
fibrin, myosinogen and myosin, which bear similar relationships one to 
the other. In each of these three cases, we have a soluble proteid 
(-ogen) the precursor of a less soluble one, and the change is in all 
three instances the result of the action of a ferment. | 

Casein is obtainable by one process only, namely by the action of 
rennet on caseinogen in the presence of certain calcium salts (Ham- 
marsten). Caseinogen on the other hand can be obtained from milk 
by two methods; it can be precipitated either by saturating the milk 
with neutral salts like magnesium sulphate or sodium chloride, or by 
adding a certain amount of acid, preferably acetic acid, to the milk. 
I have found that by a combination of these two methods, it is possible 
to obtain very easily a preparation of caseinogen which is perfectly free 
both from fat and from calcium salts. 


Milk is saturated by shaking it vigorously with excess of finely powdered 
magnesium sulphate crystals; the precipitated caseinogen is on standing 
carried to the surface of the mixture by the entangled fat globules, and is 
then collected on a filter. It is washed with a saturated solution of mag- 
nesium sulphate, until the washings give no evidence of the presence of 
albumin. Distilled water is then added to the residue on the filter, the 
caseinogen, in virtue of the magnesium sulphate still adherent to it, dis- 
solves, and the solution of caseinogen which passes through the filter is 
collected ; the fat is left undissolved on the filter. The solution of caseinogen 
so obtained is then again saturated with magnesium sulphate and the process 
repeated. The solution that is obtained in this way does not however clot 
with rennet, on account of the large amount of salt present which exercises 
an inhibitory influence on this as on many other ferment actions. The 


1 Text-Book of Physiology, 5th ed. p. 376. 
PH. XI 31 
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process of dialysis to get rid of the salt is a very lengthy one, and the 
following will be found better. Excess of acetic acid is added to the solution; 
the precipitate of caseinogen so formed is collected, washed with dilute acetic 
acid, and lastly with distilled water; it is then dissolved in a weak alkali, 
preferably lime water, and once more precipitated by acetic acid, washed and 
redissolved as before. 


The solution so obtained is an opalescent one, and on the addition 
of rennet no coagulation occurs; the addition of a few drops of 0°5 per 
cent. phosphoric acid however leads to the formation of the necessary 
amount of calcium phosphate, and the subsequent addition of rennet 
produces a firm curd, which soon, especially at 40° C. contracts, squeezing ~ 
out a clear whey. 

Dr Ringer has among other points taken up the question of the 
influence of calcium and other salts on the coagulation of milk and 
other fluids, and has already published two preliminary communications 
on the subject’. Until the full papers have appeared I do not feel 
at liberty to offer any further remarks on this portion of the subject, 
except to say that the similarity of caseinogen and casein to myosinogen 
and myosin appears to me to be exceedingly close. 

Another question, which appears to me to be important to settle, 
is the place that caseinogen and casein should occupy in the classifi- 
cation of proteids. 

It is easy to give casein its proper place; it should be classed with 
fibrin, myosin, and gluten as proteids more or less insoluble, which are 
_ produced by ferment actions from other proteids of more soluble nature. 

It is by no means so easy to assign caseinogen its proper position. 
The precursors of fibrin, myosin and of gluten are globulins. Is 
caseinogen also a globulin? It is generally classed as an alkali-albu- 
minate and to me it seems with insufficient reason; for alkali-albumin 
is not coagulated by rennet, and is easily soluble in dilute acids. Still 
caseinogen is not a globulin, for its solutions are not coagulated by heat. 
A perfectly neutral solution of casemnogen in dilute magnesium sulphate 
or sodium chloride solution when heated to 50° C. becomes opalescent. 
This opalescence disappears on cooling. If the solution is heated to a 
higher temperature, the opalescence increases up to 80°C. Beyond 
this temperature it does not increase, but flocculi of coagulated proteid 
are never deposited. .If the solution is heated only just up to 80° the 
opalescence can be made to disappear by cooling the solution; but if 


1 Proceedings of the Physiol. Soc. 1890, pp. i. and iii. 
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the solution is kept at 80°C. for any length of time, or if it is heated, 
even momentarily, above 80° the cloudiness is rendered permanent, and 
does not disappear on cooling’. If instead of a neutral, a very faintly 
acid solution is employed, (the small amount of caseinogen precipitated 
by the acid being filtered off), the same series of phenomena is observed ; 
opalescence however begins at a somewhat lower temperature (about 
40° C.) and becomes permanent also at a somewhat lower temperature 
(70°—75° C.) than is the case with a neutral solution. 

Caseinogen has doubtless certain resemblances to alkali-albumin ; it 
has also certain resemblances to the globulins, for instance in the way it 
may be precipitated by neutral salts. It however differs from both, and 
therefore should not be classified with either. It appears to me to be 
a proteid with such marked characteristics as to constitute a class by 
itself, and this class will be one intermediate between the albuminates 
and the globulins. 


2. Lact-albumin. 


The albumin of milk (lact-albumin) is in its general characters 
similar to serum-albumin. It is coagulated at about the same tempe- 
rature, but its specific rotatory power is different. Sebelien® gives its 
specific rotatory power as (a)p = — 36° to - 37°, and concludes from this 
that lact-albumin is not identical with serum-albumin, ann has a 
specific rotatory power of —56°. 

My own observations on lact-albumin have shown that there are — 
other slight differences between the two albumins, and therefore support 
‘Sebelien’s view of their non-identity. These observations have been 
in two directions, viz :—(a) heat-coagulation; and (b) precipitability 
by certain salts, 

(a) Heat-coagulation. The lact-albumin was obtained in the 
following way ; milk was saturated with magnesium sulphate, and the 
precipitate so produced, consisting of caseinogen and entangled fat, was 
removed by filtration. The filtrate contained the albumin, the coagu- 
lation temperature of which was determined without further treatment. 
In some specimens, however, the excess of salt was first removed by 
dialysis, and in others the proteid was precipitated by the addition of 
sodium sulphate in excess; the latter precipitate was washed and 
redissolved by the addition of distilled water; in all three cases, 


1 T find this fact has been also noted by Dogiel, Zeitsch. physiol. Chem. 1x. p. 591. 
* Maly’s Jahresbericht, Vol. xv. p. 184. Original paper in Swedish. 
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however, the average results of heat-coagulation determinations were 
practically identical. It was found that when examined in a faintly 
acid solution with the precautions I have previously described’, that 


_opalescence occurs about 70°, and the separation of distinct flocculi 


appears at 77°C. The greater quantity of the serum-albumin obtained 
in a similar way from serum separates out at a somewhat lower tempe- 
rature (78°), but I do not consider this difference sufficient in itself to 
show that the two proteids are not identical. It is rather in the manner 
of the precipitation, than in the temperature at which it occurs, that 
a very striking distinction between serum-albumin and lact-albumin is 
noticed, 

If a solution of serum-albumin is heated gradually, opalescence sets 
in rather below 70°, and a flocculent precipitate occurs at 73°, the 
precipitate being immediately dense, and if the temperature is main- 
tained at 73°, it increases somewhat in amount for the succeeding few 
minutes. If this is filtered off, and the filtrate again heated to 73”, 
a small amount of precipitate may again occur; if however the tempe- 
rature of 73° is maintained for ten minutes, no further precipitation 
occurs at that temperature, however long it is kept up: if the 
temperature is then raised four or five degrees, a fresh precipitation 
occurs, and 4 third one above 80°C. On these grounds I formerly 
concluded that serum-albumin may be by fractional heat-coagulation 
differentiated into three proteids, which I called a, 8, and y serum- 
albumin’. 

The phenomena obtained with a solution of lact-albumin are how- 
ever different. If the solution is kept at a temperature below 77°, no, 
separation of flocculi occurs however long the heat be applied. At 77°, 
the separation of flocculi commences; there is however no sudden 
appearance of a dense precipitate at 77°, but the density of the 
precipitate increases gradually and very slowly; after half an hour 
the precipitate however does not apparently increase; if it is filtered 


_ off, and the filtrate heated to 77° momentarily, no fresh precipitate 


occurs, and if the temperature is rapidly raised, a second precipitate 
occurs above 80°. I therefore at first thought that fractional heat- 
coagulation demonstrated in lact-albumin, as in serum-albumin, the 
existence of more than one proteid. This I soon found was a mistake; 
for if the filtrate is kept at 77° for a second half hour, a precipitate 
forms slowly at that temperature, and after this lapse of time, does not 


1 This Journal, Vol. v. p. 155. 2 Ibid. p. 158. 
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apparently increase in amount; if however the precipitate is filtered 
off, and the filtrate heated for a third time to 77°, a fresh precipitate 
forms in exactly the same way, and this may be repeated several times 
more. Ultimately, however, with patience, the whole of the lact- 
albumin may be separated out at this temperature, and the final 
filtrate gives no further precipitate on heating even to boiling; a : 
small amount of proteid is however still present in it, as it gives the 
xanthoproteic reaction. 

The albumin of milk is therefore so far as the method of heat- 
coagulation will decide the question, a single proteid, coagulating with 
very remarkable slowness at the temperature of 77°C. At a higher 
temperature the precipitation occurs more quickly, but even at 100° C. 
it is half an hour or more before a filtrate is obtained free from coagu- 
lable albumin. 


I may here take this opportunity of making a reply to Dr Haycraft’, 
who has recently, in a very courteous manner, made certain criticisms re- 
, garding my work on serum, and regarding certain somewhat similar obser- 
vations made by Mm. Corin and Berard’ on the proteids of white of egg. 
Haycraft’s criticisms relate to the method of fractional heat-coagulation, 
and the sum and substance of them may be put concisely as follows :—The 
coagulation point of a proteid is considerably raised by diluting its solution, 
and a very dilute solution may not coagulate, even on boiling. Without 
doubting the possibility of fractionating some proteids, this factor in deter- 
mining the temperature of coagulation has been neglected by Corin and 
Berard and by Halliburton, and therefore a doubt is cast upon the results 
they have obtained by fractional heat-coagulation. In order that the proteids 
separated may be considered distinct from one another, it is necessary that 
other differences besides that of mere heat-coagulation should be demonstrated 
to exist. It is thus possible that serum-albumin and egg-albumin may be 
single proteids, and the fact that various preeipitates at different temperatures 
are obtainable, can be explained in one of two ways: either that the heat 
when applied for a long time alters the character of the proteid in solution so 
that its temperature of coagulation is heightened, or that the result is simply 
_ the effect of dilution ; a solution of serum-albumin, for instance, is raised to 
73° C., and the precipitate which occurs is filtered off; that left in solution is 
now more diluted, hence its coagulation temperature is higher. 
These criticisms are exceedingly valuable, and considerably shake my 
former opinion that serum-albumin consists of more than one proteid. They 
show that in determining the temperature of coagulation of a proteid, two 


1 J, B, Haycraft and ©. W. Duggan, Brit. Med. Journal, Vol. 1. p. 167, 1890. : 
| 2 Corin and Berard, Arch. de Biol. Vol. 1x. p. 1. } 
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chief factors have to be taken into account in addition to the degree of heat 
applied, namely the amount of acidity, and the concentration of the solution. 
The first of these I recognised, the second I missed. Then I must again 
freely admit that no differences other than those of coagulation temperature 
can be demonstrated to exist between the three varieties of serum-albumin ; 
it is therefore unsafe at present to affirm that these are distinct from one 
another, seeing what a variable factor is the temperature of heat-coagulation. 
Since the publication of my paper on the serum-proteids, Kauder’ has 
arrived at much the same conclusion concerning serum-albumin as I did, only 


by a different method, namely that of elementary analysis; he finds that the 


discrepancies between different analyses are too great to come within the 
limits of experimental errors, and considers that they can only be accounted 
for by the presence of more than one proteid in varying admixtures. 

There is thus a certain amount of evidence that serum-albumin is not a 
single substance, and evidence that it is a single substance is at present 
wanting. Granting, however, for the sake of argument, and in view of 
Haycraft’s experiments that it is a single substance, the question arises, 


what explanation can be given of the fact that various precipitates are , 


obtainable at different temperatures. 
Haycraft has suggested three possible explanations, viz:—that the 
coagulation point rises in virtue of :— 
i, The solution becoming continually more dilute ; 
ii. Its becoming less acid ; 
iii, Changes which are being produced in the proteid itself, by the 
action of the high temperature to which it is subjected. 


‘Haycraft appears to lay most stress on the first of these three; I am 


inclined to regard the third as the most important ; the second may at once 
be discarded as care should be taken, as I have before pointed out, to keep 
the degree of acidity the same throughout the course of an experiment. 
Neumeister’ bas shown that the action of acidified hot water will in a very 
short space of time convert albumin partially into primary albumoses ; it is 
therefore exceedingly probable that less profound changes resulting in the 
raising of the coagulation point will be produced in a similar way. I cannot 
say that my own experiments on the effect of dilution entirely confirm 
Haycraft’s; care must of course be taken that the acidity is kept constant; 
if this is done, the amount of proteid in solution makes very little difference 
in its coagulation temperature ; I may here refer to the paper I published on 
the serum proteids of certain lower vertebrates*; the amount of serum- 
albumin is there quite insignificant, it is not differentiable into several 


1 Arch. f. experim. Path. und Pharmakol. Vol. xx. p. 411. 
2 Zeitschr. f. Biol. Vol. xx1v. p. 272. 
8 This Journal, Vol. vit. p. 319. 
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proteids by heat coagulation, and its temperature of coagulation is 73°, the 
same as that of the a-albumin of mammalian serum ; whereas if Haycraft’s 


_ suppositions be correct, one would have expected that the temperature of 


coagulation in these dilute specimens would be nearer to that of the y-albu- 
min. I may also refer Dr Haycraft to some experiments with rabbit’s and 
sheep’s serum recorded in this Jowrnal (vol. v. pp. 179—180) in which the 
diminution in the amount of proteid present did not alter the coagulation 
temperature. Since the appearance of Haycraft’s paper I have made similar 
experiments with the same result. 

How is it that Haycraft and myself have arrived at opposite conclusions _ 


on this point? Simply I imagine because Haycraft has not taken the 


precaution to keep the grade of acidity in his solutions constant; in fact 
he expressly states that his solutions of egg-albumin were always alkaline in 
reaction ; his solutions of serum-globulin appear to have been neutral, and 
in this case dilution had very little influence in raising the coagulation 
temperature, With regard to acid solutions he speaks as follows :—‘*‘We 
have not made so systematic an investigation upon the effect, on its coagu- 
lating point, of diluting acid solutions of albumin, but we have assured 
ourselves that the more dilute solutions coagulate at a higher temperature’’’, 
one or two illustrative experiments with egg-albumin are then given. If 


_ however Dr Haycraft makes a systematic investigation as I have done on 


this most important point, I feel assured that his conclusion will be the same 
as mine; namely that although dilution of alkaline solutions of proteids raises 
their coagulation point, yet if those solutions be neutral, or better still, have 
a faint and constant degree of acidity, the disturbing influence of dilution 
is reduced to a minimum. 


I still believe that fractional heat-coagulation is a most valuable 
method of indicating the’presence of more than one proteid in solution. 
Without confirmatory evidence of other differences between the proteids, — 
it is, however, not in itself an absolute means of distinction between 
them. It is least liable to give trustworthy results when the tempera- 
tures at which the individual proteids coagulate are, as in the case of 
serum-albumin, high, or close together. It is most valuable when the 
temperatures of coagulation are low, and far apart; for instance in the 
separation of fibrinogen from serum-globulin, in the separation of the 
proteids of the muscle plasma, of lymph cells, and of the proteids which 
can be dissolved out of kidney cells, liver cells, and nervous tissues. In 
all these cases (some of which are not yet published) I have obtained 
other evidence of differences between the individual proteids, quite 
apart from their temperatures of heat-coagulation. 

1 Proc. Roy. Soc. of Edinburgh, p. 881, 1888—9, 


> 
fe 
= 
4 
x 
+B 
| 


456 W. D. HALLIBURTON. 


I am even inclined to think that there is still something to be said 
for the view I formerly expressed that serum-albumin is not a single 
proteid ; and I would especially mention the following points that bear — 
out this view :— | 

i. The remarkable constancy of the coagulation temperatures. 

ii. The fact that other proteids coagulating above 70° (such as 
serum-globulin and lact-albumin) cannot be similarly differentiated, as 
they would be if all the facts of fractional heat-coagulation were ex- 
plicable by Haycraft’s hypotheses. 

iii, The confirmatory experiments on elementary analysis made 
by Kauder. 

(b) Precipitation by salts. It was until quite recently believed 
that one of the distinctions between globulins and albumins was that 
the former are precipitated by saturation with neutral salts, and the 
latter are not. We now know that this is only true in reference to 
certain neutral salts like magnesium sulphate and sodium chloride, but 
with regard to certain other salts like ammonium sulphate’, sodio- 
magnesium sulphate*, and potassium acetate®, the difference is only one 
of degree. These three last mentioned salts precipitate both globulins 
_ and albumins; they however precipitate the globulins more readily than 
the albumins, complete saturation not being necessary to precipitate the 
former. 

In the paper already referred to* I showed that saturation with 
certain pairs of salts will precipitate serum-albumin from its solutions. 
In the case of magnesium sulphate and sodium sulphate, this is due 
to the formation of the double sulphate of magnesium and sodium 
(MgSO,.Na,SO,.6H,O), and in other cases there is also probably a 
formation of similar double salts. 

I have now found that although lact-albumin is in the main similar 
to serum-albumin in this particular, it differs from it slightly in being 
only incompletely precipitated from its solutions by sodio-magnesium 
sulphate, or by double saturation with magnesium sulphate and sodium 
chloride. 


The principal salts now most generally employed for the separation of 
proteids act in the following way on lact-albumin :— 
i. Magnesium sulphate. This does not precipitate lact-albumin even 


1 J. Wenz, Zeit. f. Biol. p. 1, 
* This Journal, Vol. v. p. 181. 
Ibid, p, 191. Ibid, p. 177. 
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when added to milk to complete saturation ; this is known because a sokiclion: 
of the precipitate produced by this means das not coagulate on boiling. 

ii. Sodium chloride. This sii has also no precipitating action on 
lact-albumin. 

iii. Sodium sulphate. This walt has little or no power of precipitating 
caseinogen, much less that of precipitating lact-albumin. 

iv. Ammonium sulphate. On adding this salt to saturation to milk, 
and filtering, the filtrate is absolutely proteid-free ; saturation with ammo- 
nium sulphate therefore, completely precipitates lact-albumin. 

So far, serum-albumin and lact-albumin are alike. 

v. Sodio-magnesium sulphate. On saturating milk with this salt and 
filtering, the filtrate always contains a small quantity of an albumin, coagu- 
lating at 75°—80° ©. In other words, saturation with this salt only incom- 
pletely precipitates lact-albumin, 

vi. Double saturation with sodium sulphate and magnesium sulphate. 
The result is the same as in v. If milk is saturated with magnesium 
sulphate and filtered, and the filtrate containing the lact-albumin is then 
saturated with sodium sulphate, an abundant precipitate of lact-album:n is 
produced. On filtering this off, the filtrate is found to contain a small 
quantity of lact-albumin; and it is not possible to precipitate this by 
_ prolonged shaking of the filtrate with excess of the two salts, 

vii. Double saturation with sodium chloride and magnesium sulphate. 
What has been said with regard to sodium sulphate and magnesium sulphate, 
is true mutatis mutandis for sodium chloride and magnesium sulphate. It 
is necessary however to notice in view of what has to be said in reference to 
lacto-globulin (see next section) that*the result is the same, no matter what 
the order is, in which the salts are used. If the milk is saturated with 
magnesium sulphate first, caseinogen is precipitated, and filtered off; on 
saturating the filtrate with sodium chloride, the lact-albumin is incompletely 
precipitated. If the milk is saturated first with sodium chloride, caseinogen 
is as before precipitated, and filtered off; on saturating the filtrate with 
magnesium sulphate, lact-albumin is precipitated incompletely. 

We thus see from v, vi, and vii that lact-albumin differs somewhat in its 
solubilities from serum-albumin, which is completely sap cos from its 
solutions by the salts in question. 


3. Lacto-globulin. 


This proteid is described as occurring in milk by John Sebelien’. 
He states that casein (caseinogen, as I should call it) is completely 


1 Maly’s Jahresb. Vol, xv. p. 184 (abstracted by O. Hammarsten). Original paper 
in Swedish. 
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precipitated by saturating milk with sodium chloride. This is filtered 
off. The filtrate is then warmed to 35° C., and a very small precipitate 
of a proteid which is thus produced, but which was not further investi- 
gated, is then filtered off. The filtrate from this is, lastly, completely 
saturated with magnesium sulphate, and a flocculent precipitate of a 
_proteid then occurs, This proteid appears to be identical in its proper- 
ties with serum-globulin ; it is coagulated at 74°—76° C. and the name 
lacto-globulin is given to it. 

As already stated, my own experiments have shown the truth of the 
main fact here described. If one saturates milk with sodium chloride, 
filters off the caseinogen so precipitated, and then saturates the filtrate 
with magnesium sulphate, a precipitate of a proteid is obtained. My 
interpretation of this fact is however different from that of Sebelien. 
Sebelien has overlooked the fact that saturation with the two salts is 
capable of precipitating albumin as well as globulin. The proteid 
which Sebelien calls lacto-globulin is in reality lact-albumin. If it 
be collected on a filter, washed with water saturated with the two salts, 
and then dissolved in water, and subjected to dialysis, it remains in 
solution after the removal of the salts, whereas a globulin would be 
precipitated under these circumstances. In order to obtain the pre- 
cipitate described by Sebelien, it is immaterial which salt is used 
first. The salt with which the milk is saturated first, precipitates the 
caseinogen ; the salt with which the filtrate from this is saturated, 
precipitates the albumin. The precipitation of the albumin is however 
incomplete, and so differs from what occurs in the case of serum-albumin. 

I have attempted to solve the question, whether a globulin exists 
in milk, in another way. Milk is saturated with magnesium sulphate ; 
if a globulin were present this would be carried down with the 
caseinogen ; but I have never found that such a globulin is present, 
as the precipitate when redissolved and heated does not coagulate 
on heating. 

My conclusion is, therefore, that milk contains no globulin, This, 
however, does not cast any doubt on Sebelien’s statement’, that the 
imperfectly formed milk secreted during the first few days of lactation, 
and which we call colostrum, contains abundance of globulin. I have 
not myself had the opportunity of examining colostrum, but Sebelien’s 
analyses appear quite conclusive. He ascertains the quantity of proteid 
precipitable from colostrum by acetic acid (caseinogen); and in another 
portion the quantity precipitated by saturation with magnesium sul- 

1 Zeit, physiol, Chem. Vol. xm. p. 185. 


hs 
fe 
x 
by 
q 


THE PROTEIDS OF MILK. 459 


phate (caseinogen + globulin) ; the difference between the two, which 
is often considerable, gives the amount of globulin. 


4. Lacto-protein, proteoses, and peptone. 


Many observers have stated that milk contains a small quantity of 
a proteid which is either a peptone, or a peptone-like substance. The 
name lacto-protein has been given to it. Most of these observations 
were made some years ago, before the properties of the proteoses and 
_ peptones were carefully distinguished from one another, and before 
ammonium sulphate was known as a reagent for the separation of true 
peptones from other proteids. 7 
The principal of these earlier researches are the following :— 


Schmidt-Mulheim' quotes earlier papers by Syubotin, Hofmeister, 
Arnold, and Kirschner, and confirms their statement that milk contains 
peptone, which increases when milk is allowed to stand. The casein is first 
removed and filtered off; the albumin is then precipitated from the filtrate _ 
by adding a small quantity of acetic acid and boiling; this is filtered off. 
A third proteid is found in the final filtrate which is not coagulated by 
boiling, and which gives the biuret reaction ; this is regarded as peptone, and 
the amount present averages 0°13 per cent. 

E. Pfeiffer’ precipitates casein by acetic or hydrochloric acid, the 
albumin by boiling the filtrate, and a third proteid (averaging in amount 
0-7 per cent.) is left in solution and is precipitable by tannin. 

_ J. Schmidt* states that peptone is present in milk in the merest traces, 
and that the substance which has been mistaken for peptone is hemi-albumose. 
He precipitates casein by acetic acid, and albumin by boiling; the third 
proteid, of which there is a considerable amount, being left in solution. 

_ F. Hofmeister‘ precipitates the proteids from milk by acidifying and 
boiling, then by adding lead hydrate to the filtrate; no peptone is found in 
second filtrate. 

E. Duclaux® states that milk contains three varieties of proteid :— 
(1) casein in the solid form ; (2) casein in the colloidal condition and re- 
movable by filtration hecnah porcelain ; (3) lacto-protein under which term 
he includes the soluble proteids (albumin plus peptone). 

A. Dogiel* like Hofmeister denies that any true peptone exists in 


1 Pfliiger’s Archiv, Vol, xxvim. p. 287; Vol. xxx. p. 602. 
2 Zeitschr. f. anal. Chemie, Vol. xxu. p. 14. 

3 Maly’s Jahresb. Vol. x1v. p. 175. 

4 Zeit. physiol. Chem, Vol. 11. p. 288. 

5 Compt. rend. Vol. xcviu1. p. 373, 438, 526. 

6 Zeit. physiol. Chem. Vol. 1x. p. 591. 
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milk; he admits the existence of a third proteid of the nature of hemi- 
albuaniiie but states that it does not occur in such large quantities as 
described by J. Schmidt’. 


These observers thus all found a third proteid which although it 
gave the biuret reaction was later recognised to be a proteose*, and not 
a peptone. 

Neumeister’ was the first to show the fallacy of the method 
adopted by these investigators, not only with regard to milk, but also 
in connection with blood, lymph and other fluids. The substance 
called peptone by some, and hemi-albumose by others, is really a 
primary proteose (i.e. proto- or hetero-proteose) formed artificially 
during the manipulations by the hydrating action of the acidified hot 
liquid. The only method by which peptone may be separated with 
certainty from other proteids is to saturate the fluid with ammonium 
sulphate, and filter. The only proteid not precipitable by this means 
is peptone, which is therefore found in the filtrate. Using this method 
‘he found that peptone was absent, and Sebelien‘ has confirmed this — 
statement. I had also previous to the appearance of these two papers 
arrived at the same conclusion from examining a large number of 
specimens of cow's milk. I also searched for peptone in stale (acid) 
milk, and in whey, obtained after the action of rennet on milk, but in 
all cases peptone was absent. On filtering off the precipitate produced 
by saturation with ammonium sulphate, the filtrate was scancotite by 
the following tests :— 


1, Xantho-proteic reaction; negative result. 
ii. Biuret reaction; negative result. 
ii. Addition of tannin; no precipitate. 

I then proceeded to examine milk for proteoses by a method, which 
is also that given by Neumeister. 

To the milk, ten or twelve times its volume of absolute alcohol is 
added. This precipitates all the proteids. The precipitate is collected, 
and allowed to stand under absolute alcohol for some weeks; (in my 
experiments for ten weeks). The prolonged action of the alcohol is to 
render all proteids, except albumoses and peptones, insoluble in water. 


1 Loe. cit. 
2 This term is better than albumose, which should be restricted to the products of 


digestion of albumin. The term proteose includes albumoses, globuloses, vitelloses, etc. 
Zeit. Biol. Vol. xxtv. p. 272. 
4 Zeit. physiol. Chem. Vol, x1t1. p. 135, 
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The precipitate is again collected, dried in an exsiccator over sulphuric 
acid, extracted with water, and the watery extract examined. The 
following different specimens were examined in this way, and the 
results of the examination of the aqueous extracts are as follows :— 


Variety of fluid examined. | Besult of prepared 


1. Fresh milk. Extract contains no proteid at all. 
2. Whey prepared by the | Extract contains no proteid at all. 


action of rennet on 


fresh milk 


3. Sour milk. Extract does not coagulate on boiling; it gives 
a brilliant biuret reaction ; an abundant pre- 
cipitate with nitric acid which disappears on 
heating, reappearing on cooling. The pro- 
teid which gives these reactions is wholly 
precipitable by saturating with sodium chlo- 
ride. These are the reactions of a primary 
proteose ; and the fact that there is no pre- 
cipitate on heating shows that the proteose 
present is chiefly proto-proteose. 


4. Whey prepared by the | The extract gives exactly the same result as 
action of rennet on just described under 3. 
sour milk. | 


Several specimens of each of the above, all gave the same result, 
and the conclusion to be drawn from them is that fresh milk contains 
no peptone, and no substance of the nature of a proteose, and moreover 
that no formation of such a substance occurs under the influence of the 
rennet ferment. Sour milk (and the same is true for sour whey) 
contains abundance of a primary proteose. It thus appears that during 
the fermentation process called the souring of milk, there is not only a 
change in the carbohydrate leading to the formation of lactic acid, but 
also a change in the proteids leading to the formation of a peptone-like 
substance, or proteose. — 

This latter observation confirms the statements of several investi- 
gators who have described peptones (? proteoses, or proteoses plus 
peptones) in koumiss, kephir, and the preparation called ‘long milk’ 
in Upper Scandinavia’. 


1 See Sebelien’s paper in Zeit. physiol. Chem. Vol. xu. p. 135. 
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It was Hammarsten who first described the appearance of this 
proteid, upon the occurrence of the rennet fermentation. Caseinogen 
when acted on by rennet becomes converted into casein, and this second 
proteid which remains in solution simultaneously makes its appearance. 
As it is not coagulated by heat, some have surmised that it is of the 
nature of a peptone or proteose, and some have used the name lacto- 
protein for this substance as well as for the peptone-like substance 
which they consider to exist in the unaltered milk. 

I have prepared this substance in two ways; (1) caseinogen obtained 
as already described, is dissolved in lime. water; a few drops of rennet 
extract, and of 0°5 per cent. phosphoric acid added, and the resulting 
clot of casein filtered off. The whey-proteid remains in solution, and 
may be precipitated by saturating with magnesium sulphate. (2) I 
have obtained a larger supply of this substance by adding rennet to 
milk, filtering off the curd so formed, and saturating the whey with 
magnesium sulphate. The precipitate so produced is washed with a 
saturated solution of magnesium sulphate, and dissolved by the addition 
of water. 

The reactions of the substance obtained by either method are the 
same. Like caseinogen it is not coagulated by heat, but its solutions 
become opalescent when heated, the opalescence disappearing when 
the solution is cooled’. Unlike caseinogen it is not precipitable by 
acetic acid, nor has rennet any coagulating action on it. It is not a 
peptone as it is precipitable by saturating its solutions with ammonium 
sulphate. It is not a proteose as it is precipitated and rendered 
insoluble by the prolonged action of alcohol; it gives with copper 
sulphate and caustic potash a violet, not a pink (biuret) reaction; it 
is precipitable by nitric acid, and though this precipitate dissolves to 
a very slight extent on heating, it is not increased again on cooling. 
It is not a globulin as it is not coagulated on heating. Though it is 
_ difficult to assign to this proteid its proper place in the classification 
of proteids, I should be inclined to put it into the special class of 
proteids nearly related to the globulins, which I have already suggested 
should be made for the admission of caseinogen. 


1 After prolonged boiling after acidification a small formation of floeculi was sometimes 
observed, 
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6. General Conclusions. 


The principal points, to which I have endeavoured to draw attention 
in this paper are the following:— 

(1) The principal proteid in milk called caseinogen is precipitable 
by certain neutral salts, or by acetic acid, and may be most satisfactorily 
prepared free from impurities by a combination of these two methods, 

(2) The term casein should be restricted to the curd formed from 
caseinogeri by the action of rennet. __ 

(3) In the classification of proteids, casein should be grouped with 
other insoluble proteids like fibrin and gluten formed by ferment 
activity from preexisting more soluble proteids. 

(4) Caseinogen should be classified in a new group made to include 
it, and whey-proteid. These proteids are very similar to the globulins; 
the chief difference being that their solutions are not coagulated by 
heat like the globulins, but only rendered opalescent. This opalescence 
if the heating has not been continued too long, disappears on cooling. 

(5) Lact-albumin is very similar in its properties to serum- 
albumin. Not only does it differ however from serum-albumin in its 
specific rotatory power as has previously been shown, but in its be- — 
haviour on heat-coagulation, and in precipitability by certain neutral 
salts. 

(6) Caseinogen and lact-albumin are the only proteids contained 
in milk. 

(7) The proteid described as lacto-globulin does not exist; it is 
owing to the error of not recognising that the two salts sodium chloride 
and magnesium sulphate when both present to saturation precipitate 
albumin, that this proteid has been supposed to exist. 

(8) The proteids variously called lacto-protein, peptone and hemi- 
albumose do not exist in milk. This mistake has also arisen from 
faulty methods of analysis. 

(9) When milk turns sour owing to the lactic acid fermentation, 
primary proteoses, chiefly proto-proteose, are developed. 

(10) The proteid called whey-proteid, which is formed during the 
rennet fermentation, is not of the peptone or proteose class, but should 
be included with caseinogen in a new class of proteids allied to the 
globulins. | 

[The expenses involved in the foregoing research have been defrayed out of a grant 
from the British Medical Association.) 


28 May, 1890. 
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REGARDING THE ACTION OF LIME SALTS ON 
CASEINE AND ON MILK. By SYDNEY RINGER, 
M.D., F.R.S., Holme Professor of Clinical Medicine at University 
College, London. 


In the following experiments I prepared caseine by adding com- 
mercial rennet’ neutral in reaction to milk, and left the mixture in 
a warm bath of about 40°C. for three to five hours. I obtain the 
reactions detailed in this paper, best with caseine produced by adding 
20 cc. of rennet to 700 of milk. 

Lime water freely dissolves caseine. To ensure the water being 
saturated with lime, I kept the bottle containing the lime and distilled 
water in an ice chamber. I well rubbed the caseine with the lime 
water in a mortar, and placed the flask containing the mixture in a 
cool room near an open window, or if the weather was warm, in an 
ice chamber. In all these experiments I used 10 c.c. of the solution of 
caseine. 

The following experiment is a good example of the behaviour of 
this solution of caseine on the addition of calcium chloride* with the 
aid of heat. 


I mixed caseine, prepared four days previously, with lime water and after 
standing twenty-four hours I filtered it. To 10c.c. of the clear filtered 
caseine solution I added one drop of the calcium chloride solution, without 
producing any apparent change in the fluid. I then placed the test tube in a 
bath of 70° C., the fluid rapidly became milky, first at the top and then the 
milkiness extended through the whole fluid. On placing the test tube in 
iced water the fluid rapidly became quite clear again. I then added more 
calcium chloride solution in all four drops, without changing the appearance 
of the fluid and again placed the test tube in warm water at 70° C. and the 


1 Prepared by Crosse and Blackwell, and contains a considerable quantity of common 
salt and some lime salts. 

2 I always used a 10°/, solution of calcium chloride. Calcium chloride dissolved in 
distilled water gives a strong alkaline reaction, I neutralized this alkalinity by adding a 
weak solution of hydrochloric acid tfll the solution became faintly alkaline. 
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solution quickly clotted; on replacing the test tube in iced water, the clot 
dissolved and the milkiness quite disappeared. I then increased the quantity 
of calcium chloride to six drops, the fluid becoming a little milky whilst cold. 
On placing the test tube in water at 70° C. the solution clotted and I was 
unable to completely dissolve the clot by the aid of ice water. The clotting 
of the solution by heat and its solution and the removal of all milkiness by 
the aid of cold can be repeated many times. If a still larger quantity of 
calcium chloride as nine to ten drops is added to the 10 c.c. of the caseine 
solution, the fluid clots, or curds separate at the temperature of the room. 

The clot formed by the action of calcium chloride, has all the appearance 
of a clot produced in milk by rennet and if allowed to stand, in a short time 
it contracts and the rapidity and amount of contraction are greatly aided by 
heat, the clot whilst shrinking, becoming firmer. This is well shown when 
sufficient calcium chloride is added to clot a cold solution. On placing the 
test tube in a bath between 60° and 70° O. the clot rapidly shrinks. 

If the curd deposited by calcium chloride solution and heat is heated to 
80 or 90° C., then the milkiness or clot is not dissolved by cold. This is well 
shown by heating a saturated solution of caseine in lime water to 80 or 90°. 
The fluid becomes milky and in placing the test tube in ice, the cloudiness 
does not disappear. 


We see from the foregoing experiments that the addition of calcium 
chloride’ produces a compound of caseine, that is more Soluble in cold 
than in hot solutions. If the compound formed is small in quantity, 
as happens when but little caseine is dissolved by linfe water, or when 
a smaller quantity of calcium chloride is added to a stronger solution of 
caseine, the compound is quite soluble in iced water, and only slightly 
insoluble at a temperature of 40° or 70°, and hence the fluid becomes 
only milky. If more of the compound is produced, it is still soluble at 
a low temperature, but at 40°, or higher say 70°, it clots and both the 
milkiness and clot disappear on again cooling the fluid. If a larger 
quantity of the compound is produced, the fluid becomes cloudy at a 
low temperature, and clots at a higher, and then, on cooling the 
solution some of the clot remains undissolved. On adding still more 
calcium chloride, a clot forms even at the temperature of iced water, but 
a high temperature greatly accelerates the clotting and the subsequent 
contraction and increases the amount of contraction. At a high tempe- 
rature as above 70°, if this is at all prolonged, the compound is changed 
in this respect, that it will not again dissolve even at 0° C. 

In some instances heat merely accelerates the action of calcium 
chloride, for if allowed to stand some hours at the temperature of the room, 

1 Calcium nitrate is also efficient. 
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the calcium chloride curds or clots the solution, but clotting at once 
occurs at a temperature between 40° and 60°C. In other instances heat 
is necessary to enable the calcium chloride to precipitate the curd. 

As many lime salts are more soluble at a low than a high tempe- 
rature, it is probable I think that caseine combines with lime and 
behaves as a lime salt. 

As the above reactions follow the use of calcium nitrate as well as 
calcium chloride, it appears that any highly soluble lime salt will = 
affect caseine, 

These experiments suggest that in clotting by rennet, two seignaenes | 
occur. The rennet changes the caseinogen to caseine and then this 


combines with lime and is precipitated especially by heat, the lime 


compound being less soluble in warm solutions, and we shall see 
subsequently if too little lime is present rennet may change caseinogen 
into caseine, but no clotting or curdling occurs till a lime salt is added. 
The clot is merely a precipitate and can be redissolved and repre- 
cipitated at will. 

There appear however to be different kinds of caseine, as the 
preparations I obtained varied greatly as regards their solubility in 
lime water. Moreover caseine changes by keeping in respect of its 
behaviour with calcium chloride. One specimen was quite insoluble in 
lime water or in a weak solution of caustic soda, the day after its 
preparation, but on subsequent days was freely soluble. Specimens 
after solution in lime water, when kept a few days, often become much 
more readily precipitated by calcium chloride and heat. For instance we 
get solutions which are only slightly curded by calcium chloride, but on 
straining and adding a ten per cent. solution of acetic acid an abundant 
deposit occurs showing that the dissolved caseine has been only partially 
precipitated by the lime salt. If kept a day or two longer, much more 
curd is deposited by calcium chloride. Caseine too by keeping many days 
at last becomes less and less soluble in lime water. No doubt in all 
specimens there is a mixture of caseines, or rather modifications of 
caseine ; as the following experiment shows. 


The caseine was prepared by adding 15 c.c. of rennet to 700 c.c. of milk, 
the mixture being kept in a warm bath of 38°O. for four hours. This was 
moderately soluble in lime water but a good deal was left. To the residue I 
added fresh lime water but none was dissolved although the lime water and 
the caseine remained mixed for three days, for on filtering, no curd was 
deposited neither by calcium chloride and heat nor by the addition of a ten 
per cent. solution of acetic acid. 
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That caseine changes is further shown by the following fact. If a 
solution of caseine is exposed to the air for some days, it becomes very 
milky first on the surface and then the milkiness extends throughout 
the fluid, and after a while abundance of curd is deposited. On the 
other hand caseine allowed to remain in distilled water many days till 
it begins to be putrid will dissolve in lime water but little or none 
is deposited by calcium chloride and heat, and on standing exposed to 
the air it does not become milky, nor does it deposit curd. 

As in those specimens made cloudy by exposure the milkiness 
begins first at the surface of the fluid it is probable that the change in 
the caseine is due to oxidation’. | 
- As lime water dissolves whilst chloride and nitrate precipitate 
caseine, it would appear that they act antagonistically, and this is true 
to some extent, but with the solution in lime water more is dissolved 
at a low than a high temperature. For if a saturated solution of 
caseine in lime water is heated to 70° C., the fluid becomes a little 
milky first at the top* and then the milkiness extends throughout the 
fluid, but the milkiness is only slight. The amount of lime in lime 
water is too small to precipitate much curd at 70°C. but on. the 
addition of a drop or two drops of calcium chloride 10°/, the pre- 
cipitation of curd is much increased, so that in many cases the fluid 
clots. In virtue of what property does lime water dissolve caseine? 
I think by means of its alkalinity, for other alkaline solutions as ‘2°/, 
solution of caustic soda, or of caustic potash, also baryta water freely 
dissolve caseine and on the addition of calcium chloride solution 
especially aided by heat the solutions behave as lime water solutions, 
but differ in degree, the reactions being less with the caustic soda and 
caustic potash solutions, whilst the baryta water solutions give but little 
deposit on the addition of calcium chloride, even when assisted by 
heat. 

I next proceeded to learn how the salts contained in milk affect 
the clotting of caseine by calcium chloride and heat. 


On April 12 I prepared some caseine by adding 20 cc. of commercial 
rennet to 700 c.c. of milk and placed the beaker in a warm bath of 35°. In 
five hours and a half I poured off the whey, pressed the caseine in muslin 
and washed it ; I then rubbed some with lime water (which had been kept in 
a cool room) bn dabirtate and let the mixture stand 19 hours; I then filtered 

1 I proved that the cloudiness is not due to a carbonate of lime being formed. 

2 The appearance of the milkiness at the top of the fluid no doubt is due to the 
warmer fluid rising, so that the upper part of the fluid is the highest in temperature. 
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a part, and found it gave an abundant precipitate on adding acetic acid, 
proving that the caseine was freely dissolved in the lime water. To 10 c.c. 
I added three drops of calcium chloride solution, without making the cold 
fluid turbid, on heating it became turbid at the top at 35° and at 45° milky 
throughout. The turbidity quickly cleared on placing the test tube in cold 
water; I then added ‘5 c.c. of 10°/, solution of sodium chloride about the 
quantity of salts in milk, and again heated ; at 35° the fluid became opaque 
at the top and milky and curdy at 40°. This turbidity rapidly cleared on 
placing the tube in cold water. I then added ‘5 grammes of sugar of milk. 
It became cloudy at 20° and set into a jelly at 30°; and this jelly dissolved 
completely and the milkiness disappeared, on placing the tube in cold water. 


In this experiment sodium chloride had no effect on the precipi- 
tation of caseine, whilst sugar of milk greatly favoured the precipi- 
tation. 

Next morning I filtered the rest of the solution of caseine and 
made the following experiment. 


Into four test tubes I measured 10 c.c. of the solution and to each added 
three drops of calcium chloride solution. To the fluid in the second tube I 
added ‘5 c.c. and to the third tube 1 ¢.c. of 10°/, solution of sodium chloride. 
To the fourth tube I added ‘5 grammes of sugar of milk, on heating the first 
three became cloudy at the top at 38° and very milky at 45°, whilst the fluid 
containing the sugar of milk became milky at 20° and set into a jelly at 30°. 

The fluid filtered very slowly, hence I was compelled to wait till next day 
before I obtained enough for the following experiment, on April 15th. As 
before I measured 10 ¢.c, into four test tubes. To the second I added one 
drop of calcium chloride solution. To the third also one drop of calcium 
chloride solution and 2 ¢.c. of sodium chloride 10°/, solution, To the fourth 
also one drop of calcium chloride solution and ‘5 gramme of sugar of milk. 
The fluid in the last tube even before being heated became a little opaque, 
at 20° C. this opacity increased, at 35° it looked like milk and at 45° set into 
a jelly. The second and third tubes became turbid at 35° and milky at 45°, 
The first tube containing caseine only dissolved in lime was a trifle opaque at 
55° and became like largely diluted milk at 70°. Placed in cold water the 
fluid in the first and fourth tubes dissolved most ; indeed, they became as they 
were before being heated. The fluid of the other two tubes, _— clearing 
considerably, remained a little thick. 


These experiments, which I have repeated, prove that sodium 
chloride in ‘5 and 1°/, and 2°/, solutions, does not modify in either 
direction the effect of calcium chloride in precipitating caseine: whilst 
sugar of milk greatly aids the action of the lime salt. 
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We shall subsequently see that in these respects caseine dissolved 
in lime water contrasts strikingly with milk, for with milk sodium 
chloride antagonizes the action of calcium chloride, and a higher 
temperature is required to precipitate curd, whilst sugar of milk does 
not modify the effect of calcium chloride. 

I also tested the effect of magnesium sulphate on clotting by 
calcium chloride and find magnesium sulphate greatly assists calcium 
chloride in precipitating caseine, as the following experiment shows. 


To 10 c.c. of caseine dissolved in lime water I added three drops of 
calcium chloride solution. To another 10 c.c. also three drops of calcium 
chloride and ‘5 c.c. of 10°/, solution of sulphate of magnesium. The first 
became curdy at 60°, whilst the fluid containing sulphate of magnesium 
became curdy at 32° and a much larger quantity of caseine was deposited 
than in the tube without magnesium sulphate. 


I find moreover that sulphate of magnesium without the te of 
calcium chloride will precipitate caseine. 


To 10 c.c. caseine dissolved in lime water I added ‘5 c.c. of magnesium 
sulphate 10°/, solution and the caseine clotted at 30°C. 

To another 10 c.c. I added 1 c.c. magnesium sulphate solution and this 
mixture clotted at 20°C., with 2 ¢.c. magnesium sulphate curdled at 17°C. 


We shall find when treating of the action of magnesium chloride on 
milk that it affects milk in quite an opposite way, antagonizing to some 
extent the action of calcium chloride. — 


The action of Calcium Chloride, alone or with other Salts 
on Milk. 


I next tried the action of calcium chloride on milk. Large doses 
of calcium chloride at the temperature of the room, i.e. 10 to 15°C. 
cause no curdling of milk, in this respect differing strikingly from 
solution of caseine in lime water, from which one to three drops of 
calcium chloride solution precipitates abundance of curd or sets the 
fluid into a jelly. | 

Calcium chloride, however, abundantly precipitates curd from milk 
with the assistance of heat. The smaller the quantity of calcium 
chloride the higher the temperature required. 


To ten c.c. of milk I added respectively 15, 10, 8, 5, 4, 3, 2, and 1 
drops of calcium chloride solution and placing the test tubes in a bath, 
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slowly raised the temperature. The tubes containing 15 and 10 and 8 
drops curdled at 52°C. and became solid at 59°C. The fluid containing 
five drops became curdy at 55 and clotted at 58. The fluid with four drops 
clotted at 65, whilst the milk containing three drops became rather curdy 
at 68 to 70 and almost solid at 70 to 75. The tube with two drops 
became a little curdy at 80, and very curdy at 81. The temperature 
rose to 90, but did not curdle the milk with only one drop of calotum 
chloride solution. 


Numerous experiments show that three drops of calcium chloride 
solution to 10 c.c. of milk, curdles the milk, setting it into a jelly at a 
temperature between 70 and 75°C., and that one drop of calcium 
chloride solution to 10 c.c. of milk is insufficient to clot milk even at 
boiling point. | 

Milk then with calcium chloride behaves like caseine dissolved in 
lime water, but milk requires a much higher temperature, to enable 
calcium chloride to precipitate curd, than caseine solution. 

All these specimens gave a faint acid reaction to test paper though 
they smelt and tasted quite sweet. On neutralizing the acidity with 
either a solution of caustic soda or sodium bicarbonate, 10 c.c. milk with 
three drops of calcium chloride solution did not become:curdy even on 
raising the temperature above 80°C., but on adding another three 
drops of calcium chloride solution an abundant curdy deposit ensued. 

The acid state then decidedly favours the action of calcium chloride 
on milk, but is not essential, a larger quantity strongly curding milk 
alkaline in reaction. | 

Is it that the acid state favours; or the addition of soda hydrate or 
bicarbonate antagonizes the calcium chloride? We shall subsequently 
see that a small quantity of a sodium or potassium salt greatly 
antagonizes the action of lime chloride, but the acid state appears to 
favour the action of calcium chloride, for a few specimens of milk gave 
a faint alkaline reaction and these required a temperature of 5 to 10°C. 
higher, than milk faintly acid, to curdle with calcium chloride. “ 

The curd, deposited by a small quantity of calcium chloride (as two 
drops) at a high temperature of 80 to 90°, on cooling in an ice chamber 
dissolves in parts but not completely. 

As chloride of calcium solution does not clot milk first boiled and 
then cooled, it is evident that the high temperature does not alter the 
caseinogen and thus enable lime chloride to precipitate it, but that the 
high temperature is necessary to enable lime chloride to precipitate 
(combine with) caseinogen. 
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Salts like sodium chloride and potassium chloride oppose the clotting 
of milk by calcium chloride assisted by heat (in this respect clotting by 
calcium chloride corresponds to clotting with rennet). For instance 
1 cc. of 10°/, solution of sodium chloride to 10 c.c. of milk requires 
from 10 to 14°C. higher temperature than the same quantity of milk 
to which 1 cc. of distilled water is added. I record one — 
illustrating this antagonism. 3 


I took four specimens of milk very faintly alkaline of 10 cc. each. To 
the first I added 1 c.c, of distilled water, to the second 2 cc. of distilled 
water, these served as controls. To the third test tube I added 1 c.c. 
of 10°/, of sodium chloride and to the fourth test tube 2 c.c. of sodium 
chloride solution. I added six drops of calcium chloride solution to each 
test tube. | 

The first two specimens, those containing the distilled water clotted at 
a temperature between 65 and 70°. The third, containing 1 c.c, of sodium 
chloride, clotted at 88, and the milk in the fourth test tube containing 
2 cc. of sodium chloride solution clotted at 92, | 

On the following morning, from the same sample of milk which still 
gave a faint alkaline reaction I tested the effect of potassium chloride, 
repeating the experiment of the previous afternoon with sodium chloride. 
The 10 cc. of milk with 1 cc. of distilled water became curdy at 69 
and clotted at 70. The 10 c.c. containing 2 c.c. of distilled water became 
_ curdy at 68 and clotted at 70. The 10 cc. with 1 cc. of potassium 
chloride 10°/, solution became curdy at 82 and very curdy at 85. The 
10 c.c. containing 2 c.c. of potassium chloride solution became curdy at 
85 and very curdy at 87. 


As is the case with clotting of blood, and the clotting of milk with 
rennet, potassium chloride is in this respect a little weaker than sodium 
chloride. Hence milk differs from caseine dissolved in lime water in 
respect to the effect of sodium chloride, for sodium chloride exerts no 
influence on the clotting of caseine by calcium chloride. 

I next experimented to learn how sugar of milk influences the 
clotting of milk by calcium chloride. 


I obtained some fresh milk faintly acid in reaction. To 10 c.c. of this 
I added three drops of calcium chloride solution, I then diluted 15 cc. 
of milk with 45 cc. of distilled water and to 10 c.c. of this I added 
three drops of calcium chloride solution and to another 10 c.c. in addition | 
to three drops of calcium chloride solution, I added ‘5 grammes of sugar 
of milk and placed the three test tubes in a water.bath and heated it. 
The diluted solutions both became curdy at 70 whilst the undiluted milk 
curdled between 82 and 85°C, 7 
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From this experiment it would appear that sugar of milk has no 
influence in promoting or retarding the effect of calcium chloride on 
milk, in this respect milk differing from the caseine solution in lime 


water. 


In the preceding experiments by diluting milk we of course lessened 
the percentage amount of sugar of milk, as it is quite possible that a 
small quantity of sugar of milk may possess the full effect in assisting 
calcium chloride to precipitate caseinogen or caseine, and that conse- 
quently increasing the quantity does not increase the effect. I there- 
fore made the following experiments, 


I took four specimens of 10 c.c. of caseine dissolved in lime water. 
To the first I added ‘2 grammes of sugar of milk, to the second ‘5 grammes, — 
to the third 1 gramme. The fourth I used as a control; on placing the test 


‘tubes in the bath and heating it I found the third specimen began to 


grow milky at 34, the second at 45, and the third at 54, and the fourth 
at 68, 

I then repeated this experiment but added to each tube two drops 
of calcium chloride solution. The third specimen containing most sugar 
of milk began to grow cloudy at 20, the second at 30, the first at 41, 
and the fourth without sugar at 50. 


From this experiment it appears that increasing the quantity of 
sugar to about double the quantity contained in milk increases the 
effect of the sugar in assisting lime salts to precipitate curd from a 


solution of caseine in lime water. It would appear then that the 


dilution experiments are valid and so we may conclude that sugar of 
milk does not aid lime to precipitate caseinogen, whilst it acts powerfully 
on caseine. To avoid however any possible error I dialysed some milk 
for 47 hours. It still contained a little sugar as tested by the copper 
test. Some water got into the dialyser, for 100cc. of milk was 
increased to 300 c.c. 


April 18. To four specimens of dialysed milk I added three drops 
of calcium chloride solution, To the second test tube I added -5 grammes 
of sugar of milk. To the third ‘5 c.c. and to the fourth 1 c.c, of sodium 
chloride 10°/, solution. The first with only calcium chloride curdled at 
66. The second containing in addition half a gramme of sugar of milk 
curdled at 65. The third at 85, and the fourth at 94, 


Sugar of milk then does not affect in any way, neither eae 
nor accelerating, the curdling of milk by calcium chloride. Contrasting 
strongly in this respect with the influence of sodium chloride which 
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greatly retards the action of calcium chloride. In other experiments I 
found a gramme of sugar of milk to 10 cc. of saat milk did not 
affect clotting. 

I find that sulphate of magnesia affects caseinogen and caseine 
differently. 


April 19. Ten cubic centimetres of fresh faintly-acid milk with three 
drops of calcium chloride solution clotted at 74. A similar mixture of 
milk and calcium chloride with ‘5 c.c. of 10°/, solution of magnesium 
sulphate curdled at 74: with 1 c.c. of solution at 77, and with 2 cc. at 
85. | 


Sulphate of magnesium then in some degree antagonizes the action 
of calcium chloride on caseinogen, though as is well known in a 
saturated solution magnesium sulphate precipitates caselnogen. 

We see then that caseine dissolved in lime water and caseinogen in 
milk, have some properties in common, but differ strikingly in others. 
Both are precipitated by calcium chloride, but caseinogen requires a 
higher temperature than caseine. 

Sodium chloride, potassium chloride and magnesium sulphate 
antagonize the action of calcium chloride on caseinogen, a higher 

temperature being required with the presence of one of these salts 
to enable calcium chloride to clot caseinogen, while sulphate of magnesia 
greatly helps calcium chloride to clot caseine, and sodium chloride and 
potassium chloride are without effect. Further, sugar of milk greatly 
favours the clotting of caseine but does not influence the clotting of 
caseinogen. 


On the behaviour of Caseinogen with Lime and other Salts. 


I have followed Hammarsten’s method in preparing caseinogen ; 
and the addition of lime water and phosphoric acid and rennet he 
recommends, in order to clot the solution, but with very indifferent 
success. 

Caseinogen prepared however in the way I am about to describe 
gives constant and uniform results with rennet and other salts. 

Add acetic acid, 10°/, solution to milk, wash the precipitate and 
filter and wash the curd deposited in the filter till it gives a neutral 
reaction and no precipitation on the addition of a solution of oxalate of 
ammonia. Rub the curd in a mortar with pure carbonate of lime, and 
then add distilled water. The caseinogen rapidly dissolves and the 
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butter separates and floats on the top. After ‘standing some — 
syphon off the milky fluid. 

This fluid gives an abundant deposit with acetic acid, is impihotacis 
in reaction and looks like skimmed milk. With reagents it behaves like 


milk, 


 Rennet clots this solution if a small quantity of lime dilatide is | 
added. I get this result only with Crosse and Blackwell’s rennet, a 
strong saline neutral solution. I have not = scumeesnts with rennet 
extracted by glycerine. | 

Like milk lime salts pe Sa clotting, the larger the quantity. of 
lime, the more rapid and complete the clotting, and like milk too, its 
clotting by rennet is opposed by sodium chloride, but the sodium 
chloride is antagonized by calcium chloride. With sufficient sodium 
chloride no clotting occurs, and if the sodium chloride is insufficiently 
antagonized by calcium chloride the clotting is delayed, and the clot is 
small and loose, and after contracting, the fluid above the clot gives an 
abundant deposit on the addition of acetic acid, showing that much of 
the caseinogen remains unprecipitated. Now this is not the case when 
lime chloride and rennet are alone added to the fluid, for then nearly 
all the proteid matter clots out of the fluid, so that on the addition of 
acetic acid little or no deposit occurs. : 

Ten c.c. of this solution with six drops of 10 uP solution of calcium 
chloride and ten drops of Crosse and Blackwell’s rennet heated to 40° 
clots firmly in about five minutes, and the clot rapidly shrinks. 

One cubic centimetre of 10°/, solution of sodium chloride, with 
10 c.c. caseinogen solution and six drops of rennet, is antagonized by 
twelve drops of calcium chloride solution, a firm contracting clot 
ensuing, whilst 5 c.c. sodium chloride solution is antagonised by six 
drops of calcium chloride solution. 

Potassium chloride acts like sodium chloride. 

‘Sodium bicarbonate like sodium chloride antagonizes the action of 
both lime chloride and rennet. 


To 10 cc. of solution of caseinogen I added 6 drops, of 2°/, solution 
of sodium bicarbonate, and of rennet and of calcium chloride solutions and 


heated to 40°; no clotting occurred, but a control experiment without sodium — 


bicarbonate clotted i in a few minutes, 


From these experiments it will be seen that perfect clotting can be 
produced without the addition of phosphoric acid. The commercial 
rennet contains a most minute trace of phosphoric acid, and not more 


ria - 
Ag 
; 
a 
? 


ACTION OF LIME ON MILK. 475 


probably than will be found in every solution of rennet. If phosphoric 
acid is essential perhaps this minute quantity sufficed. 

If only a small quantity of lime chloride is added, as three drops of 
the solution to 10 cc. of caseinogen solution, rennet only precipitates a 
part of the proteid, and on pouring off the supernatant fluid and es 
acetic acid, an abundant deposit falls. 

Crosse and Blackwell’s rennet added to the caseinogen solution will 
not clot it unless a lime salt is added. The rennet contains a good 
deal of lime, but this is either insufficient, or in inappropriate form. But 
though the fluid does not clot, the caseinogen is converted into caseine 
which apparently remains in solution, and this is at once deposited by 
adding calcium chloride, each drop producing an abundant deposit 
which is insoluble in solution of sodium chloride. 

Sodium and potassium salts not only delay clotting by rennet, but 
they lessen too the contraction of the clot with the solution of caseinogen, 
rennet aided by lime forms a clot which rapidly contracts till it does 
not occupy a tenth or twelfth part of the fluid, and the clot is firm and 
compact. Ifa sodium or potassium salt is added the clotting is delayed 
and the clot contracts slowly and slightly, as the following experiment 
shows. 


To 10 cc. of caseinogen solution I added six drops of rennet, six drops 
of calcium chloride solution. To another 10 cc. I added the same quantity 
of salt and rennet, in addition six drops of 2°/, of sodium bicarbonate and 
heated to 40. Next day the specimen without sodium bicarbonate con- 
tained a small firm clot whilst the specimen with sodium bicarbonate 
was set into a jelly, with very little contraction. 


_ This experiment shows that the bulkiness of the clot in milk 
curdled by rennet depends on the potassium and sodium salts antago- 
nizing in some measure the small quantity of calcium salt in milk. 

Calcium chloride solution added in sufficient quantity to the 
caseinogen solution precipitates curds without the assistance of rennet. 
Thus 6 to 12 drops of calcium chloride solution to 10 c.c. causes an 
abundant curdy deposit at the temperature of the room. I thought 
at one time this might consist of caseine, the lime being able to convert 
caseinogen to caseine, without the help of rennet and especially when 
heated, but this deposit is not caseine, for it dissolves freely on adding 
a strong solution of sodium chloride, and this is not the case with 
caseine. 


This solubility in solution of common ‘salt explains the ieee that 
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- occurs in caseinogen solution on the addition of Crosse and Blackwell's 
rennet which contains a good deal of common salt, for on adding ‘5 c.c. 
of this rennet solution to 10 c.c. of caseinogen solution, the fluid becomes 
clearer and less milky, which suggests that the solution of caseinogen is 
not quite perfect. 

Lime chloride solution acts in the opposite way to sodium chloride 
and increases the milkiness, and if enough is added precipitates curd. 
_ If insufficient to precipitate curd is added on heating, the fluid becomes 
very milky, but on cooling the milkiness becomes less again, suggesting 
that as is the case probably with caseine, the caseinogen combines with 
lime forming a compound behaving like many other lime salts in being 
more soluble at a low than a high temperature. 

Sulphate of magnesia like common salt hinders or prevents the 
action of calcium chloride. 


I took 10 c.c. of caseinogen solution and added six drops of calcium 
chloride solution, and curds deposited at the temperature of the room and 
the fluid became quite thick at 40°C. To a second 10 cc. I added ‘5 c.c, 
of 10°/, solution of magnesium sulphate, and to a third 10 cc. 1 cc. of 
magnesium sulphate solution, and to both these [ added six drops of calcium 
chloride solution and heated the fluids to 70°C. without causing any curdi- 
ness, | 

In this respect this solution behaves like milk and contrasts with 
caseine solution in lime water. _ 

Sugar of milk is without effect on the precipitation of caseinogen by 
calcium chloride. I made a large number of experiments similar to 
those with caseine and milk, always with the same result. 

If we may assume that the caseinogen prepared by this method is of 
the same composition as the caseinogen of milk, then these experiments 
show that one of the differences between caseine dissolved in lime water 
and milk depends on the effect of the salt in milk in antagonising lime 
chloride. We have seen that lime chloride can precipitate caseinogen 
from milk, but a higher temperature is required to precipitate caseinogen 
than to precipitate caseine dissolved in lime water. Now with caseinogen 
without any salts we find that lime chloride precipitates it much more 
readily than caseinogen in milk, though somewhat less readily than 
caseine in lime water, therefore the greater difficulty lime chloride 
has in precipitating caselnogen from milk is due in part to the salts 
of milk. 

In other respects, simple caseinogen solution corresponds with milk 
with both sodium and potassium salts, and also magnesium salts oppose 
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the action of lime salts, and sugar of milk is without influence on the 
action of lime chloride. In this last investigation too we find that 
caseinogen deposited by lime chloride is largely soluble in solution of 
~ common salt, whilst caseine precipitated by lime chloride or by rennet 
acting on milk is insoluble. 

Caseine differs from caseinogen in yet another particular. Caseinogen 
precipitated by acetic acid, and mixed in a mortar with carbonate of 
lime is freely soluble in distilled water. Caseine treated similarly with 
carbonate of lime is quite insoluble in distilled water. 

In the curdling of milk then by rennet, we have first the change 
from caseinogen to caseine, next the clotting of caseine by its combi- 
nation with a lime salt; the precipitation of this compound is largely 
assisted by the sugar of milk, but opposed by the sodium and potassium 
salts, these retarding the clotting (precipitation) and lessening the 
degree of contraction, and hence we get a large bulky clot instead 
of a small more compact one. 

I have also experimented with caseinogen, prepared by saturating 
milk with common salt, washing the precipitate with a saturated 
solution of sodium chloride and then adding the curd to distilled 
water. The caseinogen easily dissolves. 

This solution behaves just like milk. It clots with rennet. To 
100 cc. I added 5 c.c. of Crosse and Blackwell’s rennet and heated some 
to 40°C. It quickly clotted, and next day the rest which had not been 
heated was clotted. The addition of solution of calcium chloride 
accelerates the clotting. Calcium chloride with the aid of heat curdles — 
the solution but requires a higher temperature than milk, no doubt 
owing to the large quantity of common salt in the solution. Sugar of 
milk and sulphate of magnesium do not assist calcium chloride in 
clotting the solution. 
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ON MUSCULAR TREMOR, By W. P. HERRINGHAM, 
M.D., F.R.C.P. 


Mr Griffiths’ paper on the Rhythm of Muscular response to Vo- 
litional Impulses in Man induces me to record some experiments that 
I made upon the same subject between April, 1886 and October, 1887. 

I obtained myograms in two ways, at first by tambours, later by 
needles inserted into the muscle substance. I selected the muscle, ran 
the needles about half an inch into my forearm and tested them when 
in position to see in what muscle they were sticking. A thread passed 
through the eye was tied to the end of a lever, to the other end of which 
was fastened a hair from a cat’s whisker which wrote on a revolving 
drum. The needle is itself a lever, whose fulcrum is the tissue superficial 
to the muscle, whose power is the movement of the muscle substance, 
and whose weight is the writing lever. I clamped the forelimb 
horizontally at the condyles of the humerus, and vertically at the borders 
of the lower ends of the radius and ulna. Thus the forearm being 
semipronated the movements of flexion and extension of the hand were 
perfectly free, but all movement of the ulna and radius was entirely 
prevented, 

I changed the tambours for this more laborious, and, even with the 
help of cocaine, considerably painful method, because I could not feel 
certain that the tambour results represented movements in any given 
muscle alone, and because in great effort a movement of the limb in 
mass is produced, which must have an effect upon tracings. I tested 
only forearm muscles because I could not clamp any other part of the 
skeleton sufficiently firmly. 

Since the power given to the needle is but slight, I made my 
writing levers and my drum horizontal, thereby diminishing greatly 
the work which the needle should do. A little bit of elastic pulling 
the writing lever very gently in the opposite direction to the needle 
ensures regularity. 


; 
x 
kt 
¥ 
G 
2 
a 
‘4 
j 
= 
4 
tin 
4 


ON MUSCULAR TREMOR. 479 


My experiments were partly physiological and partly pathological. 

I. I tested voluntary contraction by both methods. For the tambour | 
method I used myself and one or two others, for the needle ae my 
own muscles alone. 

In the tracings of sian contraction or effort, 

1. The length of the curves or, which is the same thing, their rate 
per second, varied slightly in different experiments from 9 to 12 per 
second. 

2. I did not find that the length of the curves varied constantly 
with the effort. My methods however were not so exact as those of 
Mr Griffiths. 

3. The amplitude of the curves, showing the amount of excursion 
of the lever, varied with effort. When I merely moved the hand, or one 
finger, gently, the curves, and the vibratory movement of the needle’s 
head were exceedingly slight. If I then began to grasp forcibly, or to 
flex the hand strongly against resistance the curves, and the needle’s 
vibration, became ample. This is commonly observed in the tremor that 
accompanies great effort. 

4 The amplitude of the curves increased with fatigue. A weight 
which could be borne without giving any but the faintest curves at 
first, gave ampler curves as fatigue set in and increased *. 

I believe that 3 and 4 represent the same thing. When a suse 
is most contracted it is most extensile ; if therefore a man continuously 
holds a weight, his muscle is gradually stretching. To compensate 
for this he is obliged to contract more and more strongly. To correspond 
with the contraction of muscular tissue, the nervous ‘effort’ also becomes 
greater. I do not wish to convey that this is the whole meaning of 
fatigue, but that this is the factor which explains the amplitude of the 
curves. 

5. In the various superficial muscles of the forearm the curves 
were of the same average length or rate. _ 

_ These were the results that I obtained by sapitthnaitting on single 
muscles, 

II. I next tried to find out what makes that to and fro movement, or 
tremor, which accompanies great effort. Is it produced by intermittent 
contraction of one muscle, or is it a clonus due to alternating contractions 
of two opposing groups? Opponent muscles, as for instance the flexors 


1 By the curves I mean of course vibration curves only. The needle has two 


vibratory and small. 
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and extensors in the forearm, always act together with all but small 
efforts. I believe that even with small efforts they do so, though as 
Mr Griffiths says, we are not conscious of it. Such slight movements 
cannot be traced by vibration of needles’ as I have before said, and 
the feeling of hardening of the extensor muscles during slight flexion 
of the fingers may be deceptive. I know however of no surer test.. 
It seemed possible that great effort might disarrange the necessary 
coordination, and thus produce a tremor. I used two needles and 
- two levers for this. The height of the curves in a tracing thus ob- 
tained will not represent the relative size of the vibrations in the 
two muscles, because the power arm must be much longer in one 
lever than in the other, but the rate will be truly traced, and coin- 
cidence of events in the two can also be made out. I found in 
several experiments that both needles vibrate, and vibrate in opposite 
directions at the same time, when each is inserted into the muscular 
substance of an opposing muscle. This is consistent with the alternation 
of contractions in the two muscles. It does not however prove it. One 
muscle, though undoubtedly in a state of contraction, may be merely 
stretched and return by virtue of its elasticity to its former length in 
correspondence with the contraction and relaxation of the other, and 
this elastic action may occupy the whole muscle. This would produce 
the same needle movements as alternating contractions and I cannot 
see any way of testing which is the true cause. Moreover I should add 
that I could not always produce this tracing at will. I failed as often 
as I succeeded. 

III. Next, I tested two cases of that class of people who are 
either always tremulous, or in whom very slight causes such as 
walking quickly, or being watched, produce visible tremor in parts 
which neither are nor have been in action. These cases are quite 
uncommon, but probably most people have seen one or two. One was a 
little girl, the other was a young medical man. I tested them with 
tambours only. The latter gave when at rest a rate of tremor of 
between 8 and 10, when in slight effort the same rate, and in great 
effort a rate whose average was slightly quicker, though the limits were 
the same. The little girl varied in the opposite direction, 9 to 13 0h 
the limits at rest, 8 to 11 the limits in effort. 


1 Of course the needle head moves considerably, but it does not visibly vibrate to such 
slight efforts, and the massive movements obey that muscle which shortens most. Thus 
though both flexor and extensor primi internodii contracted, if the thumb were flexed the 


extensor would be lengthened and without vibration no evidence could be had of its 
contraction. 
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One day when under the effects of considerable excess of tobacco, 

and sleeplessness, I had tremors when at rest of a rate a little over 
9 per second. In a case of alcoholic tremor during rest, the rate was 
between 10 and 12. All these were taken by tambours. 

IV. I tested about twenty cases of paralysis agitans. By the 
tambour method the results were very puzzling. The tracing was seen 
to be divided into large waves averaging 5 per second, but on these 
were two, three or even four lesser waves. The same patient varied in 
the number of secondary waves under circumstances which seemed 
exactly similar, and it was this variation which made me change 
tambours for needles. The rate of the large waves varied very slightly 
and inconstantly. It was always very nearly 5 per second. The tremor 
of paralysis agitans has often been timed before, and this appearance 
also of secondary waves has been noticed by other persons’, but I do not 
think any one has explained it. I found firstly that even with the 
tambours it disappeared on effort, though the large waves remained, 
secondly, that it never occurred in tracings with a single needle, and 
thirdly, that if two needles were run into the flexor surface of the 
forearm a little distance apart in the lateral direction, their movements 
were not quite coincident. One muscle contracted a little before the 
other. I believe therefore that these secondary waves are due to the fact 
that the muscles twitch, altogether indeed as a group, but not exactly 
at the same time, and that more than one muscle gives impulse to the 
tambour. This is an instance of one of the fallacies of tambour 
tracings *, 

The question next arose whether the clonus of paralysis agitans is an 
alternating contraction or no. I found by sticking needles in opposing 
muscles that they actually contract at the same time. A periodical 
twitch takes place which like an effort occupies both groups of muscles 
at once. This double, effort-like, character of the twitch is perhaps 
some evidence that it is due to lesion of the cortex cerebri. It may be 
thought that because needles shew double simultaneous contraction 
here, their alternating action in the clonus of healthy effort must mean 
alternating contraction. But the proof is not cogent, for loss of elasticity 
would explain the appearances, and this is well known to occur in the 


shaking palsy. 
I saw a very curious thing in one case of this disease, The patient 


1 Demange, Rev, de med. 1882. 
myograms of healthy contraction, though I often saw them with the tambour. 
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was an old man who came into St Bartholomew’s Hospital for left 
hemiplegia. He had for some time had paralysis agitans in the right 
arm and head, but in no other parts, It continued unaffected by the 
left hemiplegia. He had movement of the right hand at the usual rate 
of 5 per second and twitching of a muscle which I took for the left — 
splenius capitis (other muscles of similar action may have been working 
simultaneously) at exactly half this rate, or 5 in two seconds. 

In tranquil intervals patients with paralysis agitans have given 
natural effort tracings, with about 10 curves per second, but when 
shaking much the large waves obscure those of voluntary contraction. 
These large waves are not altered by fixing attention, or by altering it. 

V. In two cases of lead tremor during effort, I found the rate to be 
that of voluntary contraction. In one of these cases I found by the 
double needle method that clonus of the hand in an effort at extension 
was due to one set of muscles only, those in severest action, the partially 
paralysed extensors. The force was of course very slight, the power of 
contraction in the extensors being much lessened’, but the effort of the 
act was very great, and it may be thought that since the clonus of a 
great effort was here caused by the vibration of one muscle, the double 
vibration which I described in the clonus of healthy effort is not more 
than an accident. This may very well be, for the investigation is full of 
difficulties, but I do not think that this particular argument is valid. 
The actual contraction of the extensors was as I have said very slight, 
though the effort was very great. But the actual contraction of the 
flexors was also correspondingly slight, and since they were, though 
perhaps not quite healthy, yet very slightly if at all paralysed, the effort 
for this slight contraction must itself have been very slight. We have 
therefore on both sides slight contraction, but on one side great effort 
with vibration, on the other slight effort without vibration. I shall 
refer to this point later. 

VI. In a rare case of muscular atrophy beginning in the legs, of 
the kind called Peroneal*, the tremor of the muscle as shewn by the 
needle method was again at about the same rate as that of voluntary 
contraction. 


VII. Ankle clonus has been stated by ake writers to be at the 


of the extensors by the electrical current the voluntary power of the Gexors is remarkably 
increased, 

Published in Brain, Part wether thle myupethy or 
neuropathy. 
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rate of about 7 per second, I can confirm this in four cases which I 
traced. I may add that the ‘muscle sound’ can be heard with each 
distinct twitch, just as with a single induction shock. 

VIII. In a case of muscular tremor dependent upon some rapid 
spinal lesion, probably either haemorrhage or gumma, in an elderly man, 
the movement of the quadriceps cruris during action was at a rate 
between 9 and 10 per second. It was so great as to be plain to the 
eye. 
Mr Griffiths discusses whether this muscular movement is of 
physical or physiological import, and decides against the former ex- 
planation because it does not obey the laws of vibration in strings. 
But if I understand him rightly the vibration of the string is a move- 
ment at right angles to its long axis, whereas the movement of muscle, 
if one may judge both from the movement of the inserted needle, and 
from the effect upon the bone moved, is longitudinal. This seems to 
destroy the parallel, and by consequence the conclusion. That it is 
however not merely physical in character, seems to follow from its 
occurrence under conditions other than those of elastic tension, as for 
instance in the tremors’ of rest which I have described. 

The tremor that Mr Griffiths studied is the tremor of voluntary 
contraction. It depends upon amplitude of longitudinal oscillation, or 
‘longshortening’*, in the muscle. In health this amplitude increases 
(1) when the muscle is greatly shortened by contraction, (2) when, 
though not greatly shortened, it is contracted against great resistance, 
and (3) when even though the resistance be not great the muscle is 
fatigued. Since these two last cases are cases of virtual great shortening, 
because they are shortening against, and to compensate for, great elastic 
extension, all three may be called cases of great shortening. 

But this cannot be said of the lead tremors. Here there is very 
little shortening, and very little contraction, yet there is tremor of the 
same rate. If then as appears probable the tremor in this case is 
similar to the others, it must depend upon the nervous rather than the 
muscular part of contraction, or in other words the tremor of wilful 
- contraction varies with the effort rather than with the contraction, 
though in health the two vary together. 

But tremor at this rate, and due to similar ‘longshortening’ of 
muscle, occurs also in other cases when the parts are at rest, or at least 
when no wilful contraction is taking place. Therefore ‘longshortening’ 

1 T use the word ‘tremor’ to express rapid involuntary rhythmical oscillation. 

? There is no word to express rhythmical lengthening and shortening. 
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of muscle may take place without the wilful discharge of nerve cells. 
But, it may be said, the cells are in these cases similarly discharged by 
some other force which is not will. If this were so we should expect to 
find similar results to those of wilful discharge, we should expect the 
contraction to resemble wilful contraction. Now the great characteristic 
of wilful contraction is that it is massive. In all wilful contraction the 
bone tends to move from the position of rest. But in these tremors the 
bone merely oscillates about the position of rest, without moving its 
mean point; there is no massive action. On the hypothesis that tremor 
appears only as a characteristic of massive contraction it is easy to 
explain it. It appears because this contraction is discontinuous. But 
if that be true, then to say that it occurs without massive contraction 
is to rob it of its meaning; it is to say that the mode of contraction 
occurs without the contraction itself. The tremor has been held to 
correspond to the waves on the rise of a tetanus, but in the tremor of 
rest the waves occur without the rise. Where as in the various move- 
ments of epilepsy the cerebral cells, which are usually discharged by the 
will, are discharged by other forces, the massive character of the con- 
traction is preserved, and this illustrates well the difference upon which 
I insist. 

IT have given already three classes of this sort of tremor, that of the 
naturally tremulous, that of exhaustion, and that of alcoholism. A 
more familiar instance will at once enforce the character of the class and 
lead up to another step in the argument; I mean the tremor which 
occurs not during, but after, great effort. If, after lifting for a sufficient 
time a heavy weight, the arm be laid at complete rest upon the table, 
the muscles will be occupied by this ten per second movement long 
after effort on the one hand and massive contraction on the other have 
ceased. There is certainly no voluntary cell discharge proceeding from 
the brain, and it is difficult to understand how anything could be taking 
place of at all a similar character. It is not a question of degree, it 
is a difference in kind of movement. It is not true to say that there is 
still massive movement going on, but slight in amount. The muscle 
has returned-to the position of rest, and is as inactive as it ever is, and 
yet it continues “longshortening” like a church bell rope after the 
ringers have done. And yet surely this tremor must be the same as 
the tremor which existed a moment before during the lift. But if so, 
then tremor is not a mode of massive contraction, but something else 
different from it, and which may exist without it as well as with it. 

What explanation can be found for this? It must be sought I think 
by the help of other facts known to us about muscle. 
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There are two properties in muscle, contractility and elasticity. Ina 
healthy muscle it appears certain that elasticity is in constant action, and 
from many familiar facts it is probable that contractility also is constantly 
at work, and that there is a state called ‘tone’ due to this opposition. 
Now it seems at any rate possible that the slight amount of involuntary 
contraction which is thus inferred to exist may be of a rhythmical 
character, and that the normal state of healthy muscle, when not 
undergoing wilful contraction, is one of very slight to and fro longi- 
tudinal movement due to minute rhythmical contraction followed by 
elastic extension, or perhaps, if Dr Brunton’s theory be correct, of 
slight alternating longitudinal and transverse contraction. Something 
of the same kind seems to occur in unstriated muscle, which may 
perhaps lend a little aid to the suggestion, and there is nothing in- 
herently improbable in the idea. Assuming this to be the case, this — 
movement is quite invisible in ordinary people when at rest, but in a 
few persons, the naturally tremulous, it can be always seen, and in most 
others certain poisons, tobacco and alcohol for example, or states of 
general exhaustion such as sleeplessness, make it visible. This alteration 
from the normal depends upon increase of the rhythmical movement. 
If this movement in normal conditions be supposed to be caused by an 
exciting, and to be restrained by an inhibiting nervous apparatus, then 
these abnormal rest-tremors may be due to weakness inherent or 
acquired of the inhibitory apparatus’. 

A similar increase of longitudinal movement causes the tremor of 
great effort, or of fatigue and lead poisoning which I have tried to 
explain as virtually great efforts. In these cases excessive stimulation 
of the exciting apparatus, coincident with, and probably dependent upon, 
excessive stimulation of the apparatus for voluntary motion, so ex- 
aggerates the movement as to produce the curves which we see under 
these conditions’, That slight variations in rate occur under these 
conditions, as appears from Mr Griffiths’ researches, would not be in 
any way contrary, rather would conform to our expectation. 


or by a stimulant. 

2 I would suggest that the tremors of rage, and 
sometimes quite regular, which occur during fevers are of the first variety, due to weakness 
of the inhibitory nerves; and that the 7 or 8 per second movement of ankle clonus is this 
same involuntary rhythm, exaggerated by the sudden increase of tension, and slowed 
by the alteration in muscular elasticity which occurs in these cases. 
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THE CAUSE OF THE FIRST SOUND OF THE HEART. 
By JOHN BERRY HAYCRAFT, MD, DSc. 


[From the Physiological Laboratory of the University of 
Edinburgh.] 


_ THE practical physician believes that both the first and the second 
heart sounds are valvular in their origin, and the most weighty reason 
for this belief is the fact that they may be absent or materially modified 
in character, when the cardiac valves are in a diseased condition. Inas- 
much however as the first sound occurs during the ventricular systole 
many hold that it is a muscle sound. 

As early as 1835 Williams (), in an address delivered at a meeting 
of the British Association in Dublin, maintained the muscular, origin of 
the first sound, stating that in the case of the heart of an ass that had 
been emptied of its blood, and its valves in consequence unable to act, 
the first sound was still to be heard accompanying each contraction of 
the ventricles. Two years later his results were verified by a committee 
appointed to report on the subject (2). 

Subsequently these observations were with some modifications 


repeated by Ludwig and Dogiel (3). They laid bare the heart of a dog, 


and by the aid of ligatures which they could readily apply or remove 
they allowed the blood to circulate through the heart, or emptied that 
organ, at pleasure. On listening with the stethoscope they heard the 


first sound alike in the full and empty heart. In other experiments 


they emptied the heart of blood, excised it and placed it in a vessel 
closed with caoutchouc and filled with defibrinated blood, so arranged 
that the heart did not rub against the walls. During each contraction 
they heard the first cardiac sound. 

Yeo and Barrett(4) have recently repeated these experiments of 
Ludwig and Dogiel and confirm the conclusions to which these authors 
had arrived. They omitted however the very important precaution of 
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suspending the heart in a fluid chamber and their results in consequence 
are complicated by the sounds produced by the rubbing of the heart 
against the stethoscope. 

Of course, if, as the above observers agree, the first sound remains 
unaltered in spite of the exclusion of the auriculo-ventricular valves, 
it is superfluous to assign to the latter structure any share in its 
production. It appears strange however that these membranes, which 
are certainly rendered very tense during each cardiac systole, should 
produce no“sound at all, especially when we remember that similar 
_ membranes produce the second sound, which is of very similar pitch and 
character to the first sound. 

Then again there is a fact which appears to throw very considerable 

doubt upon the hypothesis that the first sound is entirely muscular. 
The muscle sound is according to all observers—W ollaston (5), Paul 
Erman (6), Haughton (7), Helmholtz (8)—a very low sound having a 
period of a body vibrating less than 40 times a second. Now the 
first cardiac sound is in the bass clef, and has the pitch of a ~_ 
vibrating between one and two hundred times a second. 
If therefore we agree with Williams, Ludwig, Dogiel, Yeo, 
Barrett and also with Haughton, Natanson, Munche and many 
others who hold the same views, we are forced to believe that the 
auriculo-ventricular valves give out no sound, and we must also discard — 
the generally accepted opinion that the heart sounds are in the bass clef, 
and we must place them an octave or two lower. Obviously these 
questions are capable of definite settlement subsequent upon extended 
and more careful experimental enquiry. 

But the whole discussion has been greatly complicated by the fact 
that authors are not agreed as to what constitutes a muscle sound. When 
Williams started this controversy in 1835 it was generally believed 
that a skeletal muscle during its contraction vibrates at a rate of 
about 40 per second, corresponding to the pitch of the muscle sound. 
Williams held that the cardiac muscle could conduct itself in like 
manner during each systole giving rise to a muscle sound—the first 
heart sound. But Helmholtz, very soon afterwards, proved that the 
muscle sound in a skeletal muscle was chiefly, at any rate, an ear 
resonance sound; and that the muscle itself was undergoing slow 
disturbances at a period too low to be audible. This discovery of 
Helmholtz was neglected by many of those who subsequently took 
part in this discussion, and even at the present day we constantly hear 
the view that the first sound is muscular both defended and attacked on 
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the assumption that the cardiac muscle is acting like a vibrating body 
capable of giving out a musical note of its own. 

One often hears the statement that inasmuch as a-cardiac contraction 
isa single simple twitch it cannot give rise to a musical note. The 


so-called muscle sound has the pitch of a body vibrating somewhat about __ 


40 times a second, but the muscle is not vibrating at this rate. Movements, 
which I have elsewhere shewn are due to want of coordination between 
the fasculi within the skeletal muscle, certainly occur (9), These move- 
ments, which are comparatively slow and aperiodic, cause the membrana 
tympani of the observer to vibrate at its own period—40 per second— 
and this causes the sound. The so-called muscle sound is therefore an 
ear resonance sound, and one can vary its pitch by simply distending 
the middle ear of the observer with air, as when one performs the 
ordinary experiment of Valsalva. The muscle therefore plays the part 
of a drum stick, the ear that of a drum. It follows, of course, that 
supposing the cardiac systole to be an absolutely simple twitch, it will 
give rise to a muscle sound, for we only require to strike the drum once 
to produce a short musical note. Herroun and Yeo (19) hear, as one 
would anticipate, a short muscle sound, on listening to a skeletal muscle 
made to give a single twitch by an instantaneous electrical stimulus, 
and McWilliam (11) hears the same when listening to the knee-jerk. 
We see therefore that there is no a priori reason for denying that the 
contracting ventricle may produce a sound, and this sound, as Helmholtz 
has shewn in the case of an ordinary muscle, is a resonance sound. 

But we can go one step further in our @ priori reasoning, for not 
only can we say that the sound accompanying a contracting ventricle 
may—at any rate in part—be a resonance sound, produced by the shock 
of the muscular contraction, but we can positively affirm that it must be 
so. No shock to the chest wall communicated to the ear by a stetho- 
scope could fail to produce resonance tones, as one can readily prove by 
tapping the chest or the stethoscope with the finger tip. 

But in the case of the heart which we are now discussing the 
ear will not be the only resonator to be affected by the contracting 
heart; one has the resonant chest wall and the stethoscope. If then 
the first sound is due to the muscular contraction of the ventricles 
causing resonance tones, this will be very complicated and will consist 
of chest, stethoscope and ear resonance tones. 

There being then no doubt as to the fact that resonance tones 
(muscle sounds) will accompany the contraction of the ventricle, the 
only question to be settled is, Whether or not. these are accompanied by 
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a true valvular note as well? This question can only be settled by 
careful observation. It is a question of fact upon which eminent 
observers have disagréed, and it is as well, more especially for the sake 
of clinical workers, that a correct and definite answer should be given 
to it, | | 

I should not have ventured myself to investigate so difficult a 
subject, were it not that I had been engaged in a somewhat lengthened 
study of the contraction of skeletal muscle, and my work in that 
direction had given me a fresh insight into the production of the 
muscle sound; and from this I naturally turned to a study of the 
heart sounds. Moreover I was especially fortunate in being able to 
avail myself of the very kind assistance of two gentlemen, whose 
musical attainments are of a very high order, Professor Rutherford 
and Mr Thomas H. Collinson, organist of St Mary’s Cathedral, Edin- 
burgh, and to these gentlemen my warmest thanks are due. My own 
ear is tolerably. good, but as the investigation is one of no ordinary 
difficulty I should not have expected that an opinion of my own as to 
the pitch or quality of a heart or muscle sound would be accepted with 
any degree of respect: in all cases my own observations were verified 
and in some ‘cases rectified by these gentlemen. I may add that 
Mr Collinson who was not aware of the nature of the problem to be 
solved, and who was not biassed therefore by any preconceived ideas as 
to what he was expected to hear, has not only the ear of a trained 
musician but possesses the rare faculty of being able to determine the 
pitch of a musical note without the aid of a tuning fork. 


The heart and muscles sounds are compared as to pitch. 


We listened to the thuds of a rabbit’s thigh muscles thrown into 
contraction by electrical stimuli applied either to the nerve or to 
the muscle itself, shifting the stethoscope from time to time on to 
the chest wall to compare their pitch with that of the heart sounds. 
The latter were most markedly higher in pitch than the muscle thuds, 
both being very impure musical notes. To the muscle thuds Professor 
Rutherford assigned the pitch of a very low G sharp, and we both 
thought that our masseter muscles gave a very slightly higher note. 
Mr Collinson, who repeated these observations without knowing the 
results previously obtained, pronounced the opinion that the muscle 
thuds had a pitch of G sharp very low down in the musical scale in the 
thirty-two feet octave. On listening to the heart sounds of the same 
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rabbit he pronounced them to be much higher in pitch, the first sound 
was the lower G in the bass clef, the second sound was B flat a minor 
third above. 
Mr Collinson. on a subsequent occasion determined for me the 
pitch of the heart sounds in two other rabbits, a dog and the setae 


It will be seen that they vary somewhat in pitch even in the same 
species, but they are always in the bass clef and separated a minor third, 
or an impure minor third, from one another. Mr Collinson also 
listened on several occasions to the contraction of his own cheek 
muscles. He spoke of the sound as that of a very low impure note in 
which he could distinguish two or three notes. : 

' So far the result of the enquiry led us to look upon the heart sounds 
as higher in pitch than those produced by a contracting skeletal 
muscle, a result not in accordance with the observations of some 
authors who hold that the first sound is a muscular one. 

It was thought advisable to compare the sound produced by the 
contracting bloodless heart with that of the heart in its normal con- 
dition of activity; to repeat in fact the experiment of Williams, 
Ludwig, Dogiel, Yeo and Barrett. We found the heart and muscle 
sounds so impure and intangible, if one may thus use the term, that it 
was thought advisable never to trust to an experiment which was not 
strictly in control. In comparing two sounds one can be much more 
certain of the truth of the results obtained by listening to them one 
after the other, again and again, than if a comparison is made after the 
lapse of a few minutes. We therefore always arranged to have a 
normally active heart to compare with the bloodless one. 

In the first experiment two rabbits were fixed in holders, and their 
hearts were compared as to pitch. No difference was to be noted 
between them. After the administration of anzsthetics, the anterior 
chest wall of one of them was rapidly removed, and the vessels at the 
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base of the heart were rapidly divided so as to empty the heart of blood. 
The still beating muscular mass was emptied of the last few drops 
of blood by gently pressing upon it, and it was examined by the aid of 
the stethoscope. Both Professor Rutherford and I thought the 
- sounds accompanying each contraction were far lower in pitch than the 
first heart sound heard in the other rabbit kept alive for purposes of 
comparison. 

On another occasion Mr Collinson and I performed a similar 
experiment on a dog. Before killing it we listened to its heart sounds, 
and compared them with the sounds of the laboratory boy’s heart, which 
were subsequently used to compare with the sounds of the dog’s 
excised heart. Without knowing what he was expected to hear Mr 
- Collinson at once pronounced the sounds of the excised heart as much 
lower in pitch than those of the living organ. 

We have reached therefore to this very important point, namely, 
that the first heart sound has a higher pitch than can be accounted for 
merely by the resonance tones produced by the contracting muscle, 
and we are forced to conclude that this higher note, heard only when 
the valves are in action, is due to them alone. 

In this case the observations of Bayer (12) and Giese (13) must be 
at fault. These observers excised a heart, established an artificial 
circulation through it, and then by suddenly increasing the pressure in 
the ventricles caused the auriculo-ventricular valves to become tense. 
The sound produced by these valves they found higher in pitch than 
the first heart sound, and differing from it in quality. 

I have repeated these experiments in a modified form, and have 
arrived at results which prove conclusively to me that the high pitched 
character of the first sound is due to the participation of the auriculo- 
ventricular valves in its production. 

It is probably impossible to obtain in the excised dead heart, 
through which a stream of fluid is passing, conditions exactly com- 
parable to those which exist in the living actively contracting organ. 
One may expect therefore to find some slight differences in absolute 
pitch, this and the fact that all the concomitant resonance tones are 
changed, may account for the conclusions of Bayer and Giese. There 


is, however, a better test than that of absolute pitch. The second 


sound is undoubtedly valvular, is caused by the tension of the aortic 
and pulmonary valves, and is, as we have seen, invariably a pure or 
impure minor third above the first sound. If now in an excised heart 
this musical interval should be proved to occur between the sounds 
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produced by the tension of the auriculo-ventricular valves, and those 
of the aortic and pulmonary, I do not think anyone would be disposed 
to deny the former structures a share in the production of the first 
sound, or deny that its high pitch tone is a true valvular note. My 
experiments on the excised hearts of sheep and calves shewed that this 
was the case. A cistern full of normal saline solution was arranged 
some four or five feet above the experiméntal table. From this a 
single tube, dividing at a two-way-junction, led two streams of fluid 
both at the same pressure. The tube containing one of these streams 
was pushed into the aorta, tying it above the aortic valves. The other 
tube was pushed into the pulmonary artery past the valves and into 
the right ventricle. In this way both the aortic and the right auriculo- 
ventricular valves were brought into action, they closed and prevented 
the downflow of water from the cistern. The left ventricle was then 


_ cut away, leaving the right ventricle and bulging aortic valves intact. 


The right auricle was also removed, so as to expose the bulging right 
auriculo-ventricular valves, and the bleeding vessels tied. If now in a 
heart prepared in this way the finger be gently pressed against the 
valves, they will be forced open, and the fluid will rush past; on with- 
drawing the finger they will close again, and produce a sound. On 
listening to the heart with a stethoscope and on alternately producing 
sudden tension in the two sets of valves the sounds may readily be 
heard and compared. In the first experiment I could readily make out 
that the sound produced by closure of the aortic valves was higher, and 
about a minor third higher, than that produced by closure of the 
auriculo-ventricular valves: I was not able to determine their exact 
pitch. Mr Collinson came on a subsequent occasion to my assistance 
and contirming the interval placed the lower first sound at G sharp, and 
the higher second sound at B, both in the bass clef. 

There can therefore be no reason to doubt that both the heart 
sounds are valvular in their origin, although the first sound is accom- 
panied by resonance tones. These resonance tones can ‘be investigated 
with the greatest ease and will be found to vary with the condition of the 
resonating apparatus itself. If we listen to the heart sounds of a rabbit, 
placing the stethoscope in the region of the epigastrium, and pushing it 
up so as to press into the under surface of the diaphragm, we shall hear 
the heart sounds without any bony structures between the organ and 
the stethoscope. One might at first suppose that the sounds were 
lower in pitch than those heard at the front of the chest. On careful 
listening however it is possible to hear the notes of the valves which 
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are of exactly fhe same pitch as can be heard at any other part of the 
chest cavity, they are accompanied in the region of the epigastrium by 
low resonance tones, giving a general feeling of lower and more rounded 
sounds, while those on the front of the chest are higher and shallower. 
These facts agree of course with those which are elicited by percussion. 
Tap the body in the region of the epigastrium and then tap the chest 
wall, similar differences are heard, the tones in the latter case being 
high and shallow, in the former lower and more rounded. 

The resonance tones of the stethoscope can be investigated simply 
by changing the instruments used, examining of course the same part 
of the chest in all cases. Very considerable differences can be made 
out in the character of the heart sounds when the material and the 
shape of the stethoscope are changed. The ear resonance tones as in 
the case of the muscle sound—so-called—can be proved to exist, by 
inflating the cavity of the middle ear, when higher pitched notes are 
heard. | 

Lastly it must not be forgotten that it is one thing to listen to the 
heart with a stethoscope applied to the chest. wall and quite another 
thing to listen with the instrument applied to the naked heart. In the 
first case the heart is in a soft cushion of tissue and is bathed by peri- 
cardial fluid; during its contraction there is little transmission of shock 
and the resonance tones in the chest wall, stethoscope and ear, called 
forth by mechanical shock, are not very powerful. When however the 
stethoscope—especially if it be a highly resonating binaural one—is 
placed on the heart itself, the shock is very great, and loud resonance 
tones are produced. In this relationship it is a simple but very 
instructive experiment to place the instrument against the fleshy part 
of the palm of the hand, and then with a finger of the other hand to 
press against the hand projecting it against the stethoscope—most 
powerful resonance tones are thus produced. These sounds, similar to 
the resonance tones heard while the heart is still in situ, are nevertheless 
much louder, and by those, who, like Williams and his followers hear 
loud sounds when listening to the excised and empty heart, it must not 
for a moment be supposed that sounds at all correspondingly loud would 
be heard were the heart within the chest cavity. 

We are now in a position to study an experiment performed some 
years since by Wintrich (14). I have not been able to read his original 
paper published as it is in a journal not accessible to me. I rely how- 
ever on the statements which appear in Hermann’s Handbuch der 
Physiologie (45), Wintrich placed an adjustible resonator attached to 
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a stethoscope on the chest wall. By altering the pitch of this resonator — 


he affirmed that he was able to analyse the second sound into two parts, 


a low muscle sound, and a higher valvular sound. As will readily be 
understood, Wintrich proceeded on the assumption that the heart 
sound consisted in part of a low note given out by the contracting 
muscle. In this case he was quite justified in making his experiment, 
for his resonator could by its sympathetic vibration inform him both of 
the presence and of the pitch of this low note. But as we have seen 
this view of the “ muscle sound” has been exploded nearly thirty years 


ago, and we now know that the muscle sound is chiefly at any rate a 


resonance tone of the ear etc. Understanding this fact his experiment is 
devoid of meaning, for the sounds accompanying the valvular sounds 
being themselves only resonance tones, the application of another 
resonator only complicates the conditions instead of unravelling them. 
Of course very much depends upon the use of terms in a discussion of 
this nature, but it is hardly probable that anyone understanding the 
facts of the case would wish to include under the term “ first heart 
sound” all the resonance tones of the stethoscope, chest and ear, 
varying as they do with the instrument used and with the part of the 
chest examined, and called forth by the shock of the contracting heart. 

The first heart sound is then an impure musical note, a minor third 


below the second sound, and in the bass clef. It is a valvular sound 


like the second sound. It is accompanied by resonance tones both 
of the chest, stethoscope and the ear, these tones being produced by the 
shock of the contracting heart. In addition it is of course possible that 
there may be concomitant sounds produced by the rushing of the blood 
and other minor disturbances. 
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REMARKS ON THE CHEMISTRY OF RESPIRATION 


IN THE HORSE DURING REST AND WORK. By > 


FRED SMITH, Professor, Army Veterinary School, Aldershot. 


Drs Zuntz and Lehmann have pointed out two errors into which 
I fell in criticising their admirable monograph on the Respiration of 
the Horse during Rest and Work. The first error refers to the number 
of horses employed in the experiments made by them, it should have 


‘been two and not three, and the second refers to a piece of cord on 


the mask which I believed must have compressed the nostrils, whereas 


the authors have shewn that it only exerted pressure on the metal — 


portion of the face piece. 
The other part of their remarks deals with the difference in the 


results obtained by our respective methods of enquiry, and also the 


differences obtained in my own experiments, all of which I mentioned 
in my original paper, pages 68, 71, 72, and 77. 
The breed of horse employed in the enquiry by Zuntz and Leh mann 


and myself may, perhaps, in some degree account for our different 


results. I employed Cavalry horses. __ | 

I think it possible that had I worked with only two horses instead 
of 35 I might have obtained higher results; however that may be I am 
still of opinion that the natural work obtained by me is superior to the 
revolving platform. 

I deeply regret the two translation errors, an apology I am sure the 
talented authors will readily accept. 
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NOTE ON THE COMPOSITION OF THE SWEAT OF 
THE HORSE. By FRED SMITH, MRCVS., FIC., Pro- 
Jessor, Army Veterinary School, Aldershot. 


___ I HAVE been led to examine the sweat of the horse for two reasons, 

| firstly, because we know but little about it, and secondly, in order to see 

whether a knowledge of its composition would throw any light upon a 
matter of practical observation, that where sweating from any cause 
unduly occurs it is certain to be accompanied by waste of muscle and 
general loss of tone and debility, and that these symptoms are only 
removed or remedied by measures which control the loss by the skin. 
It is evident that this loss of muscle and enfeebled state of health 
cannot be produced by simply a loss of water and salts, there must be 
something else to account for it. 

A ready explanation can be found, for we now know that the sweat 
of the horse is peculiar in containing, under perfectly natural conditions, 

- proteid bodies. Hence the muscle waste and debility produced by 
excessive sweating must to a great extent be due to the excretion of 
albuminous matters by the skin. 

We have known for some time that the sudoriferous glands of the 
horse’s skin do not respond to the action of certain drugs which in man 
produce excessive secretion ; we have no sudorific agents in Veterinary 
practice, even pilocarpin in small, medium, or large doses has not the 
slightest effect upon the skin; the nerves which control the secretion 
are only affected by muscular exertion, by heavy clothing, or by some 
intense impression on the nervous system as in tetanus, acute pain from - 
any cause particularly intestinal, fear, or the rupture of some important 
viscus as the stomach or intestines. 

The sweating of horses is peculiar inasmuch as it is likely even on 
the removal of the stimulus to occur again; for example, it is very 
common when an animal has returned from work for it to sweat for 
some hours after, in spite of the fact that the body has been thoroughly 
dried in thé meantime ; and this breaking out into a sweat may occur as 
many as three times in as many hours, though during the whole of this 
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period the horse has been standing perfectly quiet. I cannot explain 


this phenomenon. 

Lastly, embolism of the large arterial trunks of the hind limbs, a 
disease not uncommon in horses, is associated with the most intense 
pain and lameness during work and profuse sweating; but the latter is 
generally limited to that part of the body anterior to the plugged 
vessels, so that sweat may be pouring off the general surface of the 
body, whilst the hind limbs and quarters are cold and dry. 

The presence of proteids in the sweat of the horse appears to have 
been first described by A. Leclerc’; in ignorance of his paper I shortly 


afterwards published some cuabentices on the Chemistry of the Horse’s — 


-Sweat? in which I drew particular attention to this remarkable fact, and 


I determined when a favourable opportunity arose to make a more 
extended enquiry into the matter. 

The only difficulty in the way is that of obtaining sufficient ebbtial 
to work with; what I have described as sweat is the fluid obtained 
by scraping the body of a sweating horse, it is therefore a mixture of 
sudoriferous and sebaceous secretions, and I know of no practical method 
of separating them. 

The fluid removed in this way is opaque and very dirty, but by 
passing it through several filter papers it is obtained perfectly trans- 
parent and of a reddish yellow colour. 

I recently obtained 400 or 500 c.c. of sweat, and have been idedied 
to repeat some of my former observations and to add to them. 

The reaction of the fluid is always strongly alkaline, some of the 
alkalinity is dispelled by boiling. The specific gravity of the specimen 
under consideration was 1020, and it gave the following composi- 
tion :— 


Water 94°3776 


Serum albumin 1049 
Organic matter 5288 < Serum globulin +3273 


Fat ‘0020 

Chlorine 3300 

Lime ‘0940 

Magnesia 2195 

Ash 5°0936 \ Phosphoric acid traces 
Sulphuric acid —_traces 

Soda 8265 

Potash 1:2135 


1 Compt. Rend., 107, pp. 123—126. 
2 Veterinary Journal, Vol. xxvit1, No. 14. 
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It is quite certain that the proteids of sweat are serum-albumin and 
globulin. Peptones and albumoses are absent. 

Leclerc does not appear to have determined the nature of the 
albumin found by him, and I'am puzzled to know how he calculated 
the daily elimination by the skin, for work as skilfully as you may much 
loss occurs while collecting the fluid, and much is left behind in the 
hair which cannot be removed; moreover, heavy sweating occurs on 
certain parts of the body, as between the thighs and in the groins, 
which are not accessible or only with extreme risk and difficulty. 

There can be no doubt that the amount of albumin secreted will 
vary, depending upon the “condition” of the horse. 

I found in a horse in very bad condition through a long illness, 
that the serum albumin in the sweat was 1°5571°/, and the globulin 
‘1436°/,; a few days later, the animal having been at regular exercise, 
the serum albumin was 1°467°/,, and the globulin ‘058°/.. The com- 
position of this sweat was as follows: : 


Water 93°3875 


; Serum albumin 1:467 
{ Serum globulin -058 


Soda ‘7476 
$9125 | Potash 5934 

I think it possible that after this horse had improved in condition 
we should have observed a decrease in the output of proteids. I regret 
that I had not an opportunity of following the case out. 

By the process of heat coagulation, in an acid solution, I found the 
serum albumin to coagulate at 77° and 86°, the globulin at 53° and 70°. 
It certainly appeared to me that we had two albumins and two 
globulins, though I confess to some difficulty in determining when the 
process of coagulation at any temperature is at an end. 

I made a careful examination for urea by Haycraft’s process, viz. 
dialysing the sweat into alcohol. The actual determination was made. 
with sodium hypobromite, and though I got a trifling quantity of gas I 
cannot say that it was from urea’. 

I examined for sugar but found none, 

The fat was extracted in an ordinary fat apparatus. I was surprised 
to find in the bottle on evaporating the ether a heavy crystalline 


1 I have recently tested for urea in some sweat obtained from a case of acute colic. 
I obtained no satisfactory microscopical evidence in the alcoholic extract, but this latter 
yielded by the hypobromite method 4°637 ¢.c. of gas; the amount of sweat was 15-5236 gms. _ 
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deposit. This was instantaneously soluble in water, and deposited 
again on evaporation ; it was also soluble in glycerine and in alcohol, 
but completely insoluble in chloroform. The solution in water was 
strongly acid, the crystals liquified when heated on platinum foil and 
entirely ,volatilized ; microscopically they were observed to be composed 
of large and small needles, many in bunches or arranged in stellate 
groups. The amount of this acid found was considerable, but I regret 
that through an accident neither this nor its nature could be further 
determined’. 

I cannot understand why the fat is so small. I thought that a 
considerable quantity was secreted by the skin, its function being pro- 
tective. The sebaceous glands in the skin are large and numerous, and 
there is something which gives the coat of a well-groomed horse such a 
glossy appearance. It has been suggested to me by Dr Sheridan Lea 
that the comparative absence of fat may indicate that the secretion I 
obtained was almost entirely from the sudoriferous glands, and this is a 
point of some little importance in helping to settle the origin of the 
proteids, which I may say I regard as coming from the sudoriferous 
rather than the sebaceous glands, I hope shortly to be quite clear on 
this point. 

In dealing with the ash my original idea was to estimate only the 
soda and potash, and for this purpose a considerable quantity of sweat 
was treated ; later, I determined to make a more extended enquiry into 
the salts, but the amount of sweat then at my disposal was small, and I 
place no reliance on any determination of ash excepting that referring 
to potash and soda which is accurate. | 

In the second sweat analysis I lay no stress on the value of the soda 

1 Since this was written I have been able to repeat this observation with the sweat 
removed from the case of colic. The fluid was dried and extracted with petroleum ether 
which practically removed nothing from it; ordinary ether was next used and a fairly 
heavy yellow crystalline deposit was left in the bottle; by an accident in drying the 
temperature was allowed to rise to 115° C. and the upper part of the bottle was now found 
to be covered with groups of glistening needle-like crystals about one quarter of an inch long, 
there were three or four to a group, which latter was cone-shaped, the apex being where 
they were adherent to the vessel. The crystals were insoluble in chloroform but soluble 
in water; by this means they were removed from the bottle and the fluid evaporated. 
There was nothing distinctive in the crystals left, which were now yellowish and like sugar 
in appearance; they melted when heated on platinum foil and after blackening volatilized ; 
they were faintly acid, gave no reaction with ferric chloride, were soluble in hydrochloric 
and sulphuric acids and ammonia and partly soluble in nitric acid, soluble with difficulty 
in alcohol. It is quite certain they were not benzoic ; and the microscopical characters, 
which were very indefinite, did not agree with this acid. The nature of the crystals is 
still doubtful, I cannot yet satisfy myself that they are those of succinic acid. 
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and potash determination as I could only spare a small quantity of the 
_ fluid for the purpose, but on the other hand it is to be remembered that 
_ the horse was not in a perfect state of health. 

It will be observed that the mineral substances in sweat exist in 
‘larger proportions than the organic matter, the chief salts being those 
of soda and potash; as we might expect from a knowledge of the ash 
constituents of the horse’s food the potassium salts are in greater 
proportion than the sodium, but why so much alkali should be excreted 
by the skin, excepting it be to keep the proteids in solution, is to my 
mind very difficult of explanation’. 

Perhaps, however, the ash constituents of the urine throws some 
light on it. I have shewn® that during work horses excrete by the 
kidneys less soda and potash than they do during rest, the following 
table shews the results obtained as a mean from a large number of 
observations. 


Rest Work 


grams grams 
Potassium oxide 36°59 27°06 
Sodium 2°50 1°84 


Now it would appear that the reason why less soda and potash is 
_ got rid of by the kidneys during work is on account of the elimination | 
by the skin. Much more soda comparatively speaking is got rid of by 
the skin than by the urine. In 100 parts of the urine of rest and work, 
the proportion of soda to potash is as 1 : 14°7, whilst in 100 parts of 
sweat the soda is to the potash as 1 : 1°467. It is evident that the 
difference between the soda of the urine of rest and work will not 
account for the considerable increase occurring in the sweat. 

It is essential to remember in connection with both the urine and 
sweat that none of these horses were receiving common salt with their 
food, so that no error can arise from this cause. 

Though hardly within the scope of this communication I may say 
that no matter how necessary sodium may be for herbivora in the 
wild state (as travellers would have us believe) it is perfectly certain 


1 The salts in sweat are so large that when the coat has dried after profuse perspiration, 
it is no uncommon thing to see the hair matted together or lightly covered with saline 
material. 

2 Proceedings Royal Society, Vol. xuv1., 1889. 
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that under domestication they can be maintained in perfect health 
without receiving any more than is normally contained in their food. I 
am compelled to make this remark after reading Woolridge’s transla- 
tion of Bunge’s Physiological and Pathological Chemistry, Lecture VII., 
which so far as the horse is concerned is misleading. A horse likes salt, 
but he is equally as fond of sugar; apart from his likes he probably 
takes salt on the same principle that he licks the lime wash off the 
wall, or licks plain or painted wood work, or the cold iron of his manger, 
viz. either because he is suffering from dyspepsia or from idleness. Cattle 
are fond of eating worn out hair brushes, waste paper and knitting needles, 


and licking the hair off each other’s bodies, but we cannot argue from 


this that these are essential to health ; as a matter of fact they are 
very frequently fatal. 

If we calculate the amount of soda and potash in the ordinary daily 
diet of a horse we find it to be about 30 gms. Na, and 112 gms. K, or 


in the porportion of about 1 : 3°73; it is evident, therefore, even after 


taking into consideration the comparatively large excretion of soda by 
the skin, that the food supplies ample sodium salts for the purpose 
without an artificial supply being needed. Why a horse is capable of 
existing in a.state of health with so little soda in his food is a question 
I hope some day to try and answer. 

We have no means of ascertaining with any degree of accuracy the 
amount of sweat secreted by a horse; the time of year, nature of the 
work, length of the coat, and the amount of “condition” present will 
all affect it, and, moveover, as previously mentioned, so much is left 
behind in the hair and cannot be removed. I have ascertained, how- 
ever, that a short coat in the summer time will hold 720 cc. of water; 
and no great error will occur by regarding this as the minimum amount 
of sweat secreted, which would give an excretion of 8°7 gms. of potash, 
and 5°9 gms. of soda by the skin. I think we have clearly shewn that 
the diet is quite capable of furnishing the sodium required. 


In conclusion the results of my work may thus be summarised. 


1. Proteids are excreted by the skin of the horse and are probably 
derived from the sudoriferous glands. The object of this excretion is at 
present obscure, carried to any extent it seriously affects the health of 
an animal, it is largely kept under control by the process of clipping 
horses in the winter, and so preventing them from sweating. 


2. Ether extracts an organic crystalline acid body the exact 
nature of which could not be determined. 
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8. The mineral substances are nearly ten times larger than the 
organic, the two most prominent being potash and soda. There would 
appear to be some connection between the amount of these salts excreted 
by the kidneys and the skin, for during work when the skin is active less 
potash and soda is eliminated by the kidneys than during rest. 


4, The fat is small; this probably indicates that the fluid examined | 
was sudoriferous rather than sebaceous. 


é 
bei 
— 24 
\ 
‘a 


NOTE ON THE TIME RELATIONS OF STIMULATION 
OF THE OPTIC LOBES OF THE FROG. By WIL- 
LIAM H. WILSON, BA., Keble Coll., Ozford. 


[From the Physiological Laboratory of the University of Oxford.) 


ProFEssoR Exner in his well-known researches on the simplest 
psychical processes’, observed that when the surface of the brain of 
the frog is stimulated mechanically, an interval of about 0°05” intervenes 
between the stimulation and the muscular response. Subsequently more 
detailed observations were made by Dr O. Langendorff at Konigsberg, 
who in a paper” published in his own name and in that of L. Krawsoff, 
recorded the following measurements by the graphic method: the 


‘interval between electrical excitation and response (i.e. contraction of 


the triceps femoris) is 0°036" greater when the surface of the hemisphere 
is stimulated, than it is when the electrodes are placed upon the sciatic 
nerve. If instead of the hemisphere, the cut surface of the medulla 
spinalis be excited after severance from the medulla oblongata, the 
difference is reduced to 017”, whence Langendorff concludes that the 
lag in the hemispheres amounts to about 02”. 

In other experiments it was found that the whole time lost between 
the surface of the brain and the muscle was about 0°05”, and between 
the sciatic plexus and the muscle 0015”, so that of the total delay of 5 
hundredths, two fifths occur in the brain, the remainder being equally 
divided between the spinal cord, the nerve and the muscle. 

It will be noticed that the observations of Exner, as well as those 
of Langendorff, related to the surface of the hemispheres, excitation 
of which in the frog as in the mammal gives rise to muscular contraction 
of the opposite side of the body. Our purpose was to investigate the 
motor effects of stimulation of the optic lobes with a single induction 
current, in respect of which Mr Gotch, at whose suggestion the 


1 «¢Experimental Untersuchungen &c.,” Pfliiger’s Archiv, Vol, vitt., p. 532. 
- 2 “Zur electrischen Reizung des Froschgehirns,” Arch. fiir Anat. und Phys. Phys, 


Abth. 1879, pp. 90—94. 
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experiments were made, had observed that very regular contractions — 
could be thus obtained after removal of the hemispheres. 


Method. Our method of measuring the delay was that of Tiger- 
stedt, in which the beginning of the muscular contraction is indicated 
graphically, not by the lifting of a lever but by the breaking of a signal 


anes 


‘Fig. 1. 


circuit. In our earlier experiments the breaker used was that described 
by Tigerstedt in his paper on the latency of muscle’. 

For the Tigerstedt’s contact breaker was later substituted a lighter 
form, an illustration of which is given in Fig. 1. The lever which 
is acted on by the muscle consists of a fine glass tube ; through the tube 
a thin wire passes which projects at both ends of the lever and thus 
completes the circuit between the screw (d), the height of which can be 
adjusted, and the mercury cup (e); on the muscle contracting, the lever 
is raised, the circuit between the head of the screw (d) and the end of 
the lever (a) which rests upon it being broken; the force required to 
lift the lever was equal to a weight of 7 grains. 

The preparation was excited by a single break induction current, 
the circuit of the primary coil of the inductorium containing (1) Two 
Daniell’s, (2) a Deprez signal (signal b in the Diagram), to indicate _ 
the moment of breaking the primary current, which was also used to 
give the time tracing by turning over the commutator as shewn in the 
diagram so as to switch it into circuit with the accumulators mentioned 


1 Arch. f. Anat. und Physiol., 1885, 
PH. XI, 35 
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below, and (3) one of the break keys of the improved spring myograph 
| of du Bois Reymond; for excitation the key was opened by the 

_ | | passage of the myograph released in the usual way, but the movement 
of the signal was inscribed not on the glass plate but on the blackened 


Fig. 2. 


paper of a revolving cylinder, the two signals being arranged so as to 
write the one above the other in the same vertical line. 

The signal (signal a in Fig. 1) was worked by a couple of accu- 
mulators. Its circuit included the contact-breaker, and the Pohl’s 
commutator without cross wires, of which the middle binding screws 
were connected with the poles of the accumulators. The commutator 
was so arranged that hoth circuits remained open excepting when for 
the purpose of making an experiment, it was turned over by the siti 
menter so as to lead the accumulator current through either signal. 

The secondary circuit of the inductorium included a pair of swing ~ 
electrodes, of which the construction is shewn in Fig. 2. As it was 
found impossible to avoid injury to the surface of the optic lobes when 
rigid wires were used, the part in contact with brain -was therefore 
formed of two fine wires (a) held together by the small gutta-percha 
plate (b), these were then suspended at (c) by loops from the extremities 
of two wires, fixed to a vulcanite support (d), in connection with the 
secondary coil of the inductorium. 

The hemispheres were removed at first by trephining, though it was 
later found better to do this by severing the head transversely behind 
the eyeballs with scissors. The haemorrhage having been arrested by 
a hot wire the preparation was fixed on to a cork support, the tendon 
of the triceps femoris being attached to the lever of the breaker. 
Finally the optic lobes were exposed by removing, with great care, a 
small square piece from the roof of the skull. The exciting electrodes 
being supported in such a way that they could readily be brought into 
any desired position, it was easy to bring the ends of the fine wires into 
contact with the surface which it was intended to stimulate. 
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The next step was to “set” the breaker so that the slightest 
movement of the muscle could break the contact, and then all being 
ready the spring myograph was “let off” and the double record obtained 
of the moment of stimulation of the optic lobes, and the commencement 
of the muscular response. 

All the experiments of which the results are given were made in the 
winter of 1889—90 and all relate to Rana temporaria, each observation 
was repeated six times, each time with a different strength of excitation, 
the distance of the secondary from the primary coil aegmally 10 c.m. 
being diminished by 2c.m. The resulfs were as under: 


Distance of secon- : 
10 


dary from primary 8 6 4 ee 
in centims. 

} 0046” 0-042” 0-046” 0-045” 0-045” 0-044 

No. of experiments 11 12 ee eae 13 


| The whole number of preparations used was 14, but in some instances 
it was not possible to complete the series of observations. | 

In each case the experiment on the lobes was followed by another 
in which the delay was measured, when the same single stimulus was 
applied to the spinal cord by needle electrodes passed through the 
occipito-atlantal membrane. The mean of the results of 14 experiments 
was 00196”. The maximum being 025”, the minimum 017”. The 
mean difference between the brain and the cord was °024”, in five cases 
being 02” which was the minimum observed, the maximum being 03”. 

Thus we may take 02 as being the delay in the optic lobes of the 
frog, for though in some cases it was slightly longer than this it was in 
no case less. This number, which agrees exactly with that obtained by 
Langendorff and Krawsoff in the case of the hemispheres of the frog, 
and by other observers in the mammal, indicates that probably the 
same process occurs in stimulation of the optic lobes as of the hemi- 
spheres, in reference to which indication it was noticed that the curve 
obtained by recording the muscular movement produced by excitation 
of the optic lobes, closely resembled, in its prolonged and characteristic 
form, that obtained by Bubnoff and Heidenhain on stimulating the 
cortical motor area in the dog. 

Considering then the close correspondence in the period of delay and - 
in the form of the muscle curve which exists between the results of 
stimulation of the optic lobes of the frog, and of the appropriate area of 
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the hemispheres of the mammal, it would seem not improbable that the 
cellular structures which histological research has shewn to exist in the — 
optic lobes of the frog are connected with motor fibres in a way analo- 
gous to that which exists in the hemispheres of the higher animals, 

It may be mentioned that numerous other experiments were made 
at different times of the year, the majority agreeing with the experi- 
ments recorded, though some made during the breeding season were 
very irregular and varied in their results. 

It was noticed also incidentally that inhibition of the heart ailaesed 
on stimulating the optic lobes, the stimulation appeared however 
rapidly to cause fatigue as the effect soon passed off after — 
excitations. 


conclusion I have to honk Dr Burdon Sanderson and mr 
Gotch for much kind help and advice, 
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ACTION OF VARIOUS POISONS UPON NERVE-FIBRES 
AND PERIPHERAL NERVE-CELLS. By J. N. LANG- 
LEY, F.RS., Fellow and Lecturer of Trinity College, anv W. 
LEE DICKINSON, M.B., Gonville and Caius College, Cambridge. 


WE have shown that nicotin paralyses peripheral nerve-cells, and 
does not paralyse simultaneously the nerve-cells on the course of different 
classes of nerve-fibres’. Since it seemed unlikely that nicotin should be ~ 
the only poison acting in this manner, we have made observations with 
a number of alkaloids and with some other poisonous substances, in order, 
in the first place, to ascertain which of them behave in the main like 
nicotin, and secondly to note whether there are any differences in their 
behaviour which would open out a new line of physiological investigation. 

General method of the experiments. We have taken for observation 
the superior cervical ganglion of the rabbit, chiefly on account of the 
ease with which this ganglion is isolated. In all cases anesthetics were 
used; chloral hydrate was usually first given by the rectum, in a quarter 
to half-an-hour (chloroform being given if necessary), a three-way 
tube was tied in the trachea, and this tube connected at intervals with 
a bottle containing a mixture of chloroform and ether or a mixture of 
equal parts of chloroform, ether and absolute alcohol; when curari was 
given, the bottle with the mixture was similarly connected with the 
inspiration tube of the artificial respiration apparatus. This preliminary 
operation we shall indicate in the account of the experiments by 
‘Chloral, etc.’ The further course of proceeding was as a rule as 
follows :—A 1 p.c. solution of the substance was applied to the superior 
cervical ganglion, and a short time afterwards the cervical sympathetic 
stimulated, and note taken whether the normal effects on the eye and ear 
were lessened or absent. In nearly all cases the poison was applied three 
times; (1st) the ganglion was brushed over once with a small brush 
_ dipped in the solution, (2nd) the application was repeated three or 


1 Langley and Dickinson, Proc. Roy. Soc. Vol. 46, p, 423, 1889, and Vol. 47, 
P. 379, 1890. Langley, this Journal, Vol. x1. p. 123, 1890. 
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four times, so that three or four small drops of the solution were used ; 


(8rd) the solution was applied freely to the ganglion with a brush or 
from a pipette, so that the ganglion soaked in the solution for about 
twenty to thirty seconds. Both with this application and the second, 
the excess of the solution was in about half-a-minute removed with a 
sponge. After each such application the effect of stimulating the 
sympathetic was noted. If any effect was produced similar applications 
were made to the cervical sympathetic of the opposite side, and the 
nerve stimulated in, or centrally of, the region to which the solution had 
been applied, in order to ascertain whether the irritability of the nerve- 
fibres was diminished, and if so to what extent. In determining this, the 
blood supply of the nerve must be interfered with as little as possible ; 
we have usually cut the cervical sympathetic in the lower part of the 
neck, and higher up isolated it sufficiently to be able to put the 
electrodes underneath it, and to stimulate it without escape of current. 
Lastly, in the majority of cases a solution of the substance was injected 
into a vein, and the effects of stimulating the sympathetic centrally and 
peripherally of the superior cervical ganglion compared. This experi- 
ment, if the poison has a paralysing effect, allows a comparison to be 


made between the intensity of its action and that of nicotin. As we 


have shown, 7 to 10 mgs. of nicotin injected into a vein prevent for 
a time any effect being produced by stimulation of the cervical 
sympathetic. 

The experiments with nicotin showed that all the efferent nerve- 
fibres of the cervical sympathetic are connected with nerve-cells in the 
superior cervical ganglion. From this we can conclude that those 
poisons which, when injected into the blood, do not cut out any of 
the normal effects of stimulating the cervical sympathetic, do not, in 
the amount injected, paralyse peripheral nerve-cells. And thus we 
might add many poisons to the list of those given below: in which we 
have confined ourselves to the substances which we have actually tried. 

On the other hand, those poisons which are known to prevent one 
or more of the effects of stimulating the cervical sympathetic, may act 
either by paralysing the nerve-cells of the ganglion, or by paralysing the 
peripheral nerve-endings, and experiments in the manner of those which 
we have described above can alone decide in which of these two ways 
such poisons really act. 

~ On local application of a poison to the superior cervical eae 
it happens not infrequently that the pupillo-dilator action of the 
cervical sympathetic ceases before its vaso-constrictor action, or vice 
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versi. As a rule we have made no mention of this action, since we 
are not inclined in the present stage of the experiments to lay any 
stress upon it. It might be caused by the arrangement of the two 
~ kinds of nerve-cells in the ganglion, or in other ways, irrespective of 
any difference of potency of the poison upon pupillo-dilator and vaso- 
constrictor nerve-cells. 

In not a few cases the result of local application is not that 
which would be expected from the result of injection. When the 
two conflict, we should take the result of injection as giving the 
true action of the poison upon nerve-fibres and nerve-cells. For in 
applying a poison directly to a ganglion, the result observed may be due 
in part to an action on the blood supply to the ganglion as by causing 
stasis, or by imperfect diffusion through the ganglion. Nevertheless 
we shall in the first instance arrange the poisons in groups, empirically 
according to the effects which have been observed on local application 
and on injection. 


Substances which do not paralyse nerve-fibres or peripheral nerve-cells. 


We will first deal with those substances which do not on local 
application paralyse the superior cervical ganglion, or abolish the 
irritability of the cervical sympathetic. It will of course be understood 
that our remarks as to the ineffectiveness of these substances only hold 
for the strength of the solution we have used, viz. 1 pc. It is not 
improbable that some of the alkaloids which have no appreciable effect — 
when used in a 1 p.c. solution, may have an effect when used in stronger 
solution. The following substances come under this section. 


Atropin. 
Hyoscin. 


Muscarin. 
Pilocarpin. 


Picrotoxin. 


Caffein. 


Antipyrin. 
That atropin, pilocarpin and muscarin act on nerve-endings rather» 
| 36—2 
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than on nerve-cells, has already been argued from a comparison of their 
action with that of nicotin on the salivary glands’ and on the heart’. 
Hyoscin and eserin have without much doubt a similar point of attack. 

We have made a few injection experiments with quinin, caffein and - 
picrotoxin. Both quinin and caffein cause considerable pallor of the 
ear even after section of the cervical sympathetic, but the effect of 
stimulating the sympathetic both on the ear and the pupil is still 
marked, and in the ear there is usually a considerable after-flush. The 
maximum amount of quinin sulphate which we have injected in such 
an experiment is 40 mgs., the subsequent injection of 80 mgs. caused 
death. The maximum amount of caffein acetate which we have injected 
is 200 mgs. Caffein acetate on local application to the superior cervical 
ganglion appeared rather to increase than diminish the effect of stimu- 
— the sympathetic. 

The absence of effect in the case of picrotoxin was unexpected, for 
picrotoxin is known to have a strong action on the central nervous 
system. We give the following experiment to illustrate the effect of 
picrotoxin; curari was given to prevent the occurrence of muscular 


spasms, 


EXPERIMENT 
Picrotoxin. Injection of 20, 40, 80, 80 mgs. 


Rabbit. (May 23). Chloral, etc. Curari. Artificial respiration. Tie 
and cut left cervical sympathetic. 
11.55 Stimulate sympathetic ; c=8 (shocks moderate to tongue). 
good dilation of pupil and constriction of vessels of ear. 
11.56 Inject 20 mgs. picrotoxin in 0°5 p.c. solution into crural vein; 


pupils dilate a little. 
11.59 Stim, symp. good action on pupil and ear. 
12.1 Stim. symp. 


12.2 Inject 40 mgs. picrotoain. 
pupils contract considerably, the left is 1 to 2mm. in 
diameter and smaller than the right. Ears rather 
paler. 
12.5 Pupils begin to dilate, 
12.6 Stim. symp. good action on pupil and ear. 


1 Langley, this Journal, Vol. x1, p. 123, 1890. 
? Langley and Dickinson, this Journal, Vol. x1. p. 278, 1890. 
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12.9 Inject 80 mgs. picrotoxin. | 
no change in pupils or ears; heart weak. 
12.13 Stim. symp. pupil dilates, but less than before. 
) vessels of ear constrict slowly. 3 
12.16 Stim. symp. better action than previously, still less than at first. 
12.20 Inject 80 mgs. picrotoxin. Ears become pale. 
12,24 Stim. symp. pupil dilates fairly, but rather sluggishly. 
| good constriction of vessels of ear. 
12.26 Stim. symp. pupil dilates. 
vessels of ear constrict completely. 
The carotid artery is rather collapsed. 


Substances, local snslivuaien of which annuls more or less readily the 
irritability. of nerve-fibres; and injection of which either has no 
effect, or an effect not readily ascertained. 

In this class we put 


Codein. 
Apomorphin. 


Aconitin. 

There is however very little in common in the action of these poisons 
beyond the fact that on local application they injure the irritability of 
nerves. By applying any one of these poisons to the superior cervical 
ganglion, the effect of stimulating the cervical sympathetic is annulled, 
but since about the same amount of the poison applied to the sympa- 
thetic itself destroys its irritability, the action of the poison when applied 
to the superior cervical ganglion may be due simply to an action on the 
nerve-fibres entering and leaving it. Consequently, in order to ascertain 
whether these substances act on nerve-cells as well as on nerve-fibres, 
either very careful comparative experiments must be made to determine 
the amount of poison required in the two cases, or the action of the 
substances when injected into the blood must be determined. 

Codein acetate has a slight action only on local application, ie. a 
1 p.c. solution must be applied copiously to either the sympathetic or 
the superior cervical ganglion before the sympathetic in the neck ceases 
to produce its normal effect. ‘he poison on injection into the blood 
does not, so far as we have seen, act upon peripheral nerve-cells, Thus 
in one experiment we injected codein acetate in successive doses up to 
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250 mgs. without producing any considerable diminution in the action 
of the sympathetic upon the pupil and the arteries of the ear. It may 
perhaps be doubted whether codein should not come under the class of 
substances having no action on peripheral nerve-fibres or nerve-cells. 
In the experiment mentioned above the effect of codein upon the 


central nervous system was shown as usual by convulsions, which soon 


ceased upon applying artificial respiration. 

Apomorphin hydrochlorate has a greater local action than codein, 
but it must be applied fairly freely to the nerve or ganglion to annul 
the normal effect of the cervical sympathetic. In view of the marked 
local action of this poison, its slight’ effect when injected into the blood, 
was a surprise to us. We give an experiment to illustrate the action 
of apomorphin, the considerable pallor of the ear produced by large doses 
of the poison tends no doubt to mask the or action of the 
sympathetic. 


EXPERIMENT [I]. 


Apomorphin hydrochlorate. Local application and injection of 
10, 40, 50, 100 mgs. 
Rabbit. (May 1). Chloral, ete. Left cervical sympathetic cut, and 
superior cervical ganglion exposed. 
2.20 Stimulate sympathetic ; c= 7 (shocks fairly strong to tongue). 
pupil dilates moderately; ear constricts 
completely. 
2.26 Paint superior cervical ganglion three or four times with 1 p.c. 
apomorphin hydrochlorate. 
2.28 Stim. symp. for 30 secs. pupil dilates a little; ear ailinaed, | 
remains congested. 
2.31 Stim. symp. for 60 secs. after stimulating for 20 secs. pupil dilates 
a little ; ear unchanged. 


Stim. ganglion pupil and ear becomes pale. 
2.35 Stim. symp. pupil dilates moderately ; slight paling of 
ear, 
2.37 Paint ganglion freely with apomorphin solution. 
2.43 Stim. symp. no effect on pupil or ear. 


Stim. beyond ganglion _ effect both on pupil and ear; on ear slight, 
since pale before 
2.51 Stim. symp. no effect. 
3.6 Stim. symp. pupil dilates fairly ; ear, very sin to start 
with, becomes perhaps a trifle paler. 
Tie and cut right sympathetic. 
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3.14 Stim. right symp. good effect on pupil and ear. 
3.25 Pupils medium size, ears pale. 
Inject 10 mgs. apomorphin hyd. into crural vein. 
no obvious effect on pupils or ears. 


3.29 Stim. right symp. pupil dilates and vessels of ear constrict. 
3.31 Inject 40 mgs. apomorphin hyd. 
3.36 Stim. right symp. pupil dilates moderately ; ear already pale, 


perhaps slightly paler, no after-flush. 
3.40 Inject 50 mgs. apomorphin hyd. 


3.43 Stim. right symp. pupil dilates fairly ; ear, already very pale, 
‘doubtful effect. 
3.45 Inject 100 mgs. apomorphin hyd. 
3.48 Stim. right symp. pupil dilates; ear, already pale, artery at 
base constricts. 
3.55 Stim. right symp. pupil dilates, artery at base of ear con- 
stricts. 


4.5 Stim. right symp. for 60 secs. 
| slow but complete constriction of artery of 
The carotid artery is fairly distended. 


Aconitin nitrate has a very remarkable action on nerves; it rapidly 
destroys their irritability. Its effect, so far as we have seen, is inde- 
pendent of the kind of nerve-fibre ; it is effective with the medullated 
cervical sympathetic fibres, and with the non-medullated fibres beyond 
the superior cervical ganglion; with the afferent and efferent fibres of 
the vagus ; with the afferent and efferent fibres of the crural nerve. 

A single application of 0°5 p.c. aconitin nitrate, or a rather freer 
application of a 0°25 p.c. solution is sufficient to destroy the irritability 
of the nerve, provided its diameter is small. With a large nerve like 
the sciatic, the penetration of the poison to the central fibres is 
imperfect. 

The recovery of irritability of the nerve is very slow. To discover 
whether aconitin acts on peripheral nerve-cells more rapidly than on the 
nerve-fibres, by. the method of injection is unfortunately out of the 
question, since the injection of 1 to 3 mgs. causes the heart to stop 
beating. 

Cocain hydrochlorate also rapidly reduces to zero the irritability of 
nerve-fibres, but unlike aconitin, its effect is very transient. By cautious 
application of cocain the action can be repeated upon the same piece 
of nerve many times in succession. We have only made two experiments 
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with regard to the effect of injecting cocain into the blood ; after 25 mgs. 
of cocain hydrochlorate, the sympathetic still caused a dilation of the 


pupil and a constriction of the vessels of the ear, but the effect was eg 
than normal. 


Experiment III. 


Cocain hydrochlorate. Local application to cervical sympathetic. 


Rabbit. (Jan. 11). Ohloral, etc. Right cervical sympathetic nerve exposed 
but not cut. 


1.55 Stimulate sympathetic; normal action on pupil, ear and con- 


junctiva. 

1.57 Paint about 1 inch of the nerve with cocain hydrochlorate 1 p.c. 

three times. | 

1.59 Stim. symp. no effect. 

2.17 Stim. symp. : normal action on pupil, ear snl con- 
junctiva. 

2.20 Paint nerve twice with cocain solution. _ 

2.22 Stim. symp. no effect. 

2.30 Stim. symp. normal action. 


2.324 Paint nerve once with cocain solution. 
2.34 Stim. symp. for 60 secs. no effect. 
2.354 Stim. symp. for 30 secs. ready dilation of pupil, atte of ear and 


marked after-flush ; sluggish paling of 
conjunctiva. 


Substances which on injection into the blood have a more or less 
paralysing action on the superior cervical ganglion. 


Four alkaloids come under this head, viz. 
Coniin. 


Curarin. 

Brucin. 

Strychnin. 

Conwn we have used as the hydrochlorate. Copious application of a 

1 p.c. solution to the superior cervical ganglion diminishes the effect of 
stimulating the sympathetic to a slight, but only to a slight, extent. 
When the solution is injected, a brief paralysis of the cells of the supe- 
rior cervical ganglion is produced, provided the dose is fairly large, e.g. 


2 
4 
{ 
3 
7 
4 
| 
| 
7 
‘ 
if 
| 
| 
} 
if 
| 
” 
} 
} 
‘ 
my 
i 
4 
i 


POISONS ON NERVE CELLS. 7 517 


50 mgs. We must mention however that we have made one experiment — 
only with this amount; in two experiments in which 30 mgs. were 
injected, the effect of sympathetic stimulation remained normal or 
nearly so. Both on local application and on injection, the action of 
the sympathetic on the vessels of the ear was rather more affected than 
that on the pupil. 

Curarin like coniin has a very slight effect when applied locally to 
the superior cervical ganglion. In face of this we were much astonished to 
find that 10 to 15 mgs. of curarin, when injected into the blood, paralysed 
the nerve-cells on the course of the pupillo-dilator fibres of the sympa- 


thetic, and that a larger dose paralysed also the nerve-cells on the course 
of its vaso-motor fibres. 


Experment IV. 
Currin. Local application. Injection of 10, 10, 80, 50 mgs. 


Rabbit. (April 28). Chloral, etc. Tie and cut the left sympathetic, and 
lay bare the left superior cervical ganglion. 
2.5 Stim. symp. c= 9 (shocks rather weak to tongue). 
good action both on pupil and on ear. 
2.7 Paint ganglion three or four times with 1 p.c. curarin. 


- 2.10 Stim. symp. good action on pupil and on ear. 

2.13 Apply curarin copiously to ganglion, so that it lies for about 10 secs. 

| in a pool of the solution. 

2.18 Stim. symp. pupil dilates at once, but recontracts during 
the stimulation, fair constriction of vessels 
of ear. 

2.23 Stim. symp. result as before. 


2.25 Apply curarin | p.c. copiously to ganglion. 
2.28 Stim. symp. for 60 secs. 
pupil dilates.at once, contracting after about 
15 secs. stimulation ; 
ear quite pale in 15 secs.; begins to flush in 
30 secs. 
Breathing feeble, artificial respiration. 
Curarin applied to the opposite (right) superior cervical ganglion 
with a similar effect. 
3.55 Both sympathetics give fair effect on pupil and ear. 


3.58 Inject 10 mgs. cwrarin into crural vein. Ears before rather pale, 
flush in 30 secs. 
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Stim. right symp. c= 9 pupil does not dilate ; slight constriction 
of vessels of ear. 

Stim. right symp.c=8 result as before. 

Stim. above ganglion,c=7 pupil dilates. 

Stim. right symp. ¢ = 7 pupil does not dilate, slight pallor of ear. 


Stim. ganglion, c = 7 complete pallor of ear. 
Stim. left symp. c= 8 good dilation pupil, slight pallor of ear 
: (pale before stimulation). 


Inject 10 mgs. cwrarin; in 45 secs. same flushing of ears. 
Stim. left symp. for 30 secs. c= 8 
pupil does not dilate, fair constriction of 
vessels of ear. 


_ Stim. above left ganglion, c=8 


pupil dilates. 
Inject 30 mgs. cwrarin. 
Stim. left symp. c=7 no effect on pupil, fair pallor of ear. 
Inject 50 mgs. cwrarin. 


Stim. for 30 secs. 


no effect on pupil; basal two-thirds of 
artery of ear constricts slightly ; con- 
_ junctiva becomes a little paler. 
Stim. left ganglion,c=7 good dilation pupil, and constriction of 
vessels of ear. 


Experiment V. 


Curarin. Effect of injecting 3, 7, 20, 40, 40 mgs. 


Rabbit. (Aug. 30). Chloral, etc. Left sympathetic ligatured and cut. 


1.39 
1.44 


1.49 
1.51 
1.54 


1.544 
1.55 
1.553 


Stim. symp.c=7 good effect on pupil and ear ; eye opens. 
Inject into right jugular vein 3 mgs. curarin. Respiration rapidly 
becomes feeble; connect trachea with artificial respiration ap- 
paratus, 
Stim. symp. good effect on pupil and ear. 
Inject 7 mgs. curarin. Pupil dilates a little, ear rather more flushed. 
Stim. symp. for 20 secs. 
at once pupil dilates and eye opens, these 
effects soon pass off ; ear slowly pales. 
» effect, rather less on pupil. 
‘ se very brief effect on pupil and eye. 
no effect on pupil or eye. 
Repeated stiniehidiais gives no effect on pupil or eye. After a 
pause of a few minutes, stimulation of the sympathetic has 


516 
| 
| 4.1 
4.5 
| 4.11 
ia 4,12 
| 4.13 
4.39 
4.44 
4,47 
| 
5.1 
i 5.5 
5.13 
5.19 
| 
| || 
| 
| 
| 
| 
| 
| 
| 
| 
4 


2.9 
2.10 
2.12 


2.142 
2.153 
2.17 
2.20 
2,23 
2.30 
2.45 


2.48 
2.50 


2.53 
2.55 


POISONS ON NERVE CELLS. | 519 


again a brief action on the pupil and eye, which disappears after 
stimulating twice. 
Stim. symp. good action on pupil and ear. 
Inject 20 mgs. cwrarin. 
Stim. symp. for 15 secs. 
no effect on pupil or eye; slow pallor of 
ear, artery becoming beaded. 
Stim. symp. for 30 secs. c= 6 (shocks moderately strong to tongue). 
no effect on pupil ; slow pallor of ear. 
Stim. superior cervical ganglion c= 6; good action on pupil and ear. 
Stim. symp. for 30 secs. no effect ar papi ; slow pallor of ear. 
Inject 40 mgs. cwrarin. 
Stim. symp. for 60 secs. 
no effect on pupil; slow and imperfect on ear. 
Stim. nerve bundles from superior cervical ganglion. 
good action on pupil and ear. 
Stim. symp. for 60 secs. 
no effect on pupil; slow and imperfect on ear. 
Inject 40 mgs. curarin. 
Stim. symp. for 60 secs. 
no effect on pupil ; ear remains flushed, but 
' may perhaps become a trifle less so during 
the stimulation. 
Stim. ganglion fair dilation of pupil; complete pallor of ear. 
Stim, symp. for 60 secs. 
no effect on pupil ; ear remains flushed, but 
may perhaps become a trifle less so during 
the stimulation. 


‘It will be noticed in the experiments just given, that the effect of 
curarin upon the pupillo-dilator nerve-cells of the superior cervical 
ganglion is first shown by a diminution in the power of the cervical 
sympathetic to keep the pupil in a dilated condition ; the pupil contracts 
notwithstanding the continuance of the stimulation; and after two or 
three stimulations of the sympathetic, the pupil does not respond at all. 
Apparently the nerve-cells are much more readily exhausted than in the 
normal state. 

A much more important point to notice is that the pupillo-dilator 
nerve-cells are paralysed far more readily than the vaso- 
motor nerve-cells, A slight difference in this respect we have already 
shown to exist in the action of nicotin. 
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Lastly, it appears that curarin has a more gradual action on vaso- 
motor nerve-cells than on the pupillo-dilator. For whilst a moderate 
dose diminishes the action of the sympathetic upon the blood vessels of 
the ear, the action disappears so gradually with subsequent larger doses, 
that it is difficult to say when it entirely ceases. 

We conclude that curarin acts upon the nerve-cells of the superior — 
cervical ganglion, because stimulation of the nerve-fibres proceeding 
from the ganglion produces its normal effect at a time when stimulation 
of the nerve-fibres running to it is without result. 

The effect of curarin can no doubt be produced with curari if a 
sufficient amount of it be given, but since different samples of curari 
vary so much in composition, it has seemed to us not worth while to 
make experiments with it. | | 

The allied alkaloids brucin and strychnin on local application 
appear to abolish the effect of stimulating the cervical sympathetic more 
readily when applied to the superior cervical ganglion, than when 
applied to the nerve itself. The difference, however, in our experiments 
has not been so great as to make us perfectly certain about its inter- 
pretation. 

Since both brucin and strychnin on injection into the blood cause 
convulsions which lead to death, we have given curari before injecting 
either of these alkaloids; by this means a considerable quantity can be 
injected without causing death. 

Brucin nitrate, when locally applied, has a rather greater effect than 
coniin hydrochlorate or curarin, but a 1 p.c. solution must be applied 
copiously to the superior cervical ganglion to stop the effect of stimu- 
lating the cervical sympathetic. The injection of 20 to 30 mgs. of brucin 
nitrate paralyses the nerve-cells on the course of the pupillo-dilator 
nerve-fibres ; for although stimulation of the cervical sympathetic has 
no effect upon the pupil, stimulation above the superior cervical ganglion 
at once causes dilation, and continues to do so after injection of more 
than 100 mgs. of brucin nitrate. The action of the sympathetic with 
regard to opening of the eye and withdrawal of the nictitating membrane 
disappears. at about the same time as its pupillo-dilator action. The 
paralysis of the nerve-cells is not of long duration (cp. Exp. VL). — 

Brucin, on injection, has a comparatively slight effect on the vaso- 
motor action of the cervical sympathetic, and in no case have we been 
certain that this action was abolished. Moreover we have not found the 
administration of moderate doses as 15 to 30 mgs. to have a constant 
effect; in some cases there was a considerable diminution in the | 


\ 
| 
‘if 
| 
i} 
| 
| 
| 
?? 
; 
| 
4 
| 
Md 
| 
rhe $ 
i? 
| 
a 
| 
i 
it 


POISONS ON NERVE CELLS. 521 


vaso-motor action of the cervical sympathetic, in other cases such a 
diminution only took place after a larger dose as 60 to 80 mgs. had - 
been given. It is possible that the differences in the results were due 
in part to an unequal effect of the poison upon the heart-beat and blood 
pressure. Whether the effect which brucin has on the vaso-motor 
function of the sympathetic is due to its acting on the nerve-cells of the 
superior cervical ganglion, we have not determined. 

It may be mentioned that the immediate effect of injecting brucin, 
_ whether the cervical sympathetic is cut or uncut, is a flushing of the ear 
and a brief contraction of the pupil. 


EXPERIMENT VI. 
Brucin nitrate. Injection of 30, 30, 60, 80 mgs. 


Rabbit. (May 17). Chloral, etc. Tie and cut left cervical sympathetic. 
Curari. Artificial respiration. 

12.50 Stim. symp. ¢= 8 (shocks moderate to tongue) ; al action on 

pupil and ear. 

12.54 Inject 30 mgs. brucin nitrate into crural vein ; pupils contract for 

a short time, right ear flushes, left already flushed. 
12.57 Stim. left symp. no effect on pupil; pallor of ear. 

12.59 ”? ” ” ” ” 
1.2 slight dilation of pupil ,, 
1,13 fair dilation of pupil _,, 

1.15 Inject 30 mgs. brucin nitrate. 
1.20 Stim. left symp. for 60 secs. no effect pupil ; pallor of ear. 
1.25 Stim. beyond s. c. ganglion _ pupil dilates. 


1.39 Stim. left symp. fair dilation pupil ; pallor of ear. 

1.41 Inject 60 mgs. brucin nitrate. 

1.44 Stim. left symp. no effect pupil; some constriction of 
artery of ear. 

1.47 Inject 80 mgs. brucin nitrate ears pale. 

1.50 Stim. left symp. no effect pupil, doubtful slight con- 
striction of artery of ear, no after- 
flush. 

1.56 Stim. beyond ganglion pupil dilates. 

2.1 Stim. left symp. no effect pupil, some constriction of 
artery of ear. 


Tie and cut right cervical sympathetic. 
2.6 Stim. right symp. for 60 secs. no effect pupil, slight imperfect con- 
striction in artery of ear. 
2.30 Stim. left symp. no effect pupil; pallor of ear. 
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i Strychnin hydrochlorate has on local application a much greater 
i) paralysing effect than brucin, and this is especially the case when it is 
| applied to nerve-cells. 
H It is well known that strychnin is a much more deadly poison than 
brucin, and it is said that in rabbits whilst the minimal lethal dose pro 
| kilo. is0°6 mgs. of strychnin, it is 23 mgs. of brucin. In view of this, and 
i of the effect of local application, it is curious that, on injection, strychnin 
| does not paralyse the pupillo-dilator nerve-cells of the superior cervical 
| ganglion more readily than brucin. We find indeed that strychnin is 
i rather less effective than brucin in producing this paralysis, for to this 
1 end 35 to 45 mgs. of strychnin hydrochlorate are required, whilst as we 
il have seen 20 to 30 mgs. of brucin nitrate are sufficient. On the other 
| hand the vaso-motor nerve-cells of the superior cervical ganglion are 
i more readily paralysed by strychnin than by brucin; our experiments 
ii do not allow us to state with any certainty the amount of strychnin 
i hydrochlorate required to paralyse these nerve-cells, but apparently 
I - about 60 mgs. will do so. 


EXPERIMENT VII. 


ie Strychnin hydrochlorate. Injection of 10, 10, 20, 40, 120 mgs. 


i it Rabbit. (May 13). Chloral, etc. Tie and cut left sympathetic. Curari 
q in rather large dose. Artificial respiration. 


Ai 11.58 Stim. symp. moderate effect on pupil and ear. 

12.4 Inject 10 mgs. strychnin hydrochlorate into crural vein. 
mt 12.9 Stim. symp. for 60 secs. pupil dilates gradually and eye 
i opens; same pallor of ear, then 

flushing. 
(12.12 Inject 10 mgs, strychnin hydrochlorate ; pupils contract, ears become 
slightly paler. 

12.16 Stim. symp. pupil dilates gradually; artery of 


ear constricts in beaded manner. 
12.20 Inject 20 mgs. strychnin hydrochlorate. 


12.24 Stim. symp. effect much as before, 

12.27 Inject 40 mgs. strychnin hydrochlorate. 

12.35 Stim. symp. for 45 secs. no effect on pupil ; slow constriction 
of artery of ear. 


12.43 Stim, ganglion and beyond it ; good effect on pupil and ear. 
12.46 Inject 120 mgs, strychnin hydrochlorate; ears become pale and 


remain so, 
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12.52 Stim. left symp. no effect. 
12.56 Stim. ganglion and beyond it; slight action on pupil and ear ; pulse 


2.0 


now nearly imperceptible incarotid. 
Stim. right symp. no effect. 


2.14 Stim. right ganglion and beyond it ; 


slight dilation pupil; heart has 
stopped beating. 


Experiment VIII. 


Strychnin hydrochlorate, Injection of 25, 25, 20, 40 mgs. 


Rabbit. (May 15). Chloral, etc. Tie and cut left sympathetic, Curari. 
Artificial respiration. 


2.28 
2.36 
2.40 
2.45 


2.51 
3.0 
3.4 


3.6 
3.10 
3.14 


3.20 
3.22 


Stim. symp. ‘fair effect on pupil and ear. 
Inject 25 mgs. strychnin hydrochlorate ; ears flushed. 
Stim. symp. effect on both pupil and ear. 


Inject 25 mgs. strychnin hydrochlorate ; ears pale. 

Stim. symp. for 60 secs. pupil dilates slightly ; slight effect on ear 
(already pale), rather greater on con- 
junctiva. 

Stim. s. c. ganglion fair pallor of ear, and after-flush. 

Inject 20 mgs. strychnin hydrochlorate ; ears pale. | 

Stim. symp. for 60 secs. slight dilation of pupil, no effect to be seen 


in ear, and no after-flush. 

Stim. s. c. ganglion complete constriction of artery of ear and | 
good after-flush. 

Stim. symp. for 60 secs. moderate constriction of artery of ear, and 
slight after-flush. 

Inject 40 mgs. strychnin hydrochlorate ; ears pale ; heart-beat feeble. 

Stim. symp. no change in pupil nor in ear. 


Stim. beyond ganglion _ pupil dilates. 
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We give the above table on the probable order of poisonous action 
simply as a tentative one, for it is drawn up from experiments on rabbits 
of different age and condition. As it stands it serves to emphasize both 
the chief results and the contradictions in the results. There is<a 
striking lack of harmony with several poisons between the results of 
local application and of injection. As we have already said, in these 
cases we should look for the source of error in the local application ; 
and in cases in which local application of the poison has less effect than 
would be expected from the injection, we think that with small rabbits 
or with any small ganglion more consistent results would be obtained. 

An important fact brought out by the experiments is the marked 
differential action of curarin, brucin and strychnin on the pupillo-dilator 
and vaso-motor nerve-cells of the superior cervical ganglion. And it is 
not improbable that by using these poisons and especially curarin in 
investigating other classes of peripheral nerve-cells, other differences in 
susceptibility to these poisons may be found, which may enable the 
isolated action of any one class of fibres to be observed. — 


September 8, 1890. 
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ON THE FATE OF PEPTONE IN THE LYMPHATIC 
SYSTEM. By L. E. SHORE, M.B., Demonstrator of Physiology 
in the University of Cambridge. . 


(From the Physiological Institute in Breslau.) 


In 1881 Hofmeister first published the view that the peptone 
formed in digestion in the stomach and small intestine is on absorption 
by the mucous membrane of the alimentary canal mainly taken up and 


assimilated by the leucocytes of the adenoid tissue there present, and is 


then carried into the blood (by the way of the thoracic duct) 
transformed in such a way that it no longer gives the reaction 


characteristic of that substance. It will be well to state very briefly 


what led Hofmeister to this opinion. 

Although it has been called in question notably by Briicke’, Voit 
and Bauer’, and Eichhorst*® that the proteids’ taken as food are 
actually absorbed as peptones, and the view put forward that much is 
or could be absorbed as albumins and globulins merely in solution in 


_ the acid or alkaline fluids of the alimentary canal, still since the 


researches of Plész‘, Maly® and others, who showed that peptone can 
replace ordinary proteid as food, it has been generally admitted that 
the digestion of proteid which can be accomplished in a flask in the 
laboratory is a crude imitation of what takes place in the organism. 
The more recent researches of Lea‘,‘in pointing out the differences that 
obtain in the two cases, do not lead to reason for doubting that 
proteids are transformed into peptone, and that, as soon as they are 
formed, absorption of them begins. 


1 Briicke. ‘“Beitrige zur Lehre iiber die Verdauung.” Sitzungsber. d. Akad. d. Wiss, 
Wien, Bd, xxxvi1. 1859 and Bd. urx. 1869, 3 

? Voit and Bauer. ‘ Ueber die Aufsaugung im Dick- und Diinndarm,” Zeitsch. f. 
Biologie, Bd. v. 1869. ! 

§ Eichhorst, ‘ Ueber Resorption der Albuminate im Dickdarm.” Pifliiger’s Arch. 
Bd, rv. 1871. 

4 Plész, Pfliiger’s Arch, Bd. rx, 325, 1874. 

5 Maly. Pfliiger’s Arch. Bd. rx. 585, 

® Lea, Journal of Physiology, x1, 226. 1890. 


i 
| 
4 
i i 
i 
™ 
2 
| 
Ga 
3 


PEPTONE IN LYMPHATICS. 529 


The search for peptone in the portal blood and in the chyle with 
a view of detecting the path taken by the absorbed proteids led at first 
to conflicting, results. 

Plész and Gyergyai’, in an animal fed on peptone, could find it in 
the blood of the mesenteric and portal veins, but none or only mere 
traces in the blood of the hepatic vein and of the carotid artery. They 
considered peptone was removed from the blood and transformed by the 
organs, the chief of which was the liver. 

Schmidt-Miillheim* could in one case find as much as ‘01 gram. °/, 
_ peptone in the portal blood of an animal fed on peptone, while the 

carotid blood contained ‘008 gram. °/,; but in two other cases he could 
detect none in either. In no case could he find peptone in the fluid 
taken from the thoracic duct, even when the blood contained a trace. 

Salvioli’ introduced peptone into a loop of the small intestine, kept 
alive by artificial blood circulation, but could find none in the blood 
leaving by the vein, although it had largely disappeared from the cavity 
of the gut. 

Both Plész and Gyergyai, and Schmidt-Miillheim investigated 
the fate of peptone when injected into the blood. The former observers 
found that it gradually disappeared from the blood, and that some was 
excreted with the urine, but held the view that it is chiefly transformed 
to some other proteid by the liver and to some extent by other organs. 
The latter observer found that it disappeared rapidly from the blood, 
and considered that a transformation took: place in the blood itself. 
Hofmeister‘ was the first to lay great stress on the fact that peptone 

introduced into the blood is excreted in the urine. With rabbits he 
was able to recover 80 °/, of the amount injected and the greater part of 
what remained in the body could be found in the substance of the 
kidney. With dogs, when small quantities of peptone were injected 
subcutaneously and so passed slowly into the blood, he could recover in 
the urine as much as 70°/,. In animals in full digestion, Hofmeister’ 
found as a rule only a very small quantity of peptone in the blood; in 
the spleen was usually more, and in the walls of the stomach and 


1 Plész und Gyergyai. ‘ Ueber Peptone u. Ernihrung mit denselben.” Pfliger's 
Arch. x. 1875. 

2 Schmidt-Miillheim. ‘Zur Kenntniss des Peptones u. seiner physiologischen © 
Bedeutung.” Du Bois Reymond’s Arch. 1880. 

8 Salvioli. ‘Eine neue Methode fiir die Untersuchung der Functionen des Diinn- 
darms.” Du Bois Reymond’s Arch. Suppl. Heft, 1880. 

4 Hofmeister. Zeitsch. f. physiol, Chemie, Bd. v. 1881. 

* Hofmeister. Zeitsch. f. physiol. Chemie, Bd. v1. 1882. 
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intestine a considerable quantity. He also found that if the mucous 
membrane of the stomach or intestine is kept warm for some time, the 
peptone gradually disappears from it’. 

Hofmeister considers that leucocytes in the adenoid tissue affect the _ 
change. He supports his view mainly by two considerations, viz. that 
the peptone found in pus, is principally in the pus cells themselves and 
not in the fluid in which they lie*, and that the leucocytes in the 
adenoid tissue of the intestine increase largely during digestion®. 
In 1881 Hofmeister‘ wrote as follows :—‘“ Die Resorption des Peptons 
im Darm ist............ eine Function bestimmter lebender Zellen, der 
farblosen Blutkérperchen, und diese spielen bei der Ernahrung des 
Organismus mit Eiweiss eine ahnliche Rolle, wie die rothen Blut- 
kérperchen bei der Athmung.” But, he considers further, that the 
leucocytes not only take up peptone but that they also assimilate and 
transform it. The bulk of the proteids absorbed must then pass into 
the system by the thoracic duct, and Hofmeister points out that 
there is an opportunity for any peptone that has escaped the leucocytes 
of the adenoid tissue of the intestine to be transformed by the lymph 
cells of the mesenteric glands. He considers, however, that a small 
quantity of peptone, perhaps a different kind, enters the blood 
unchanged. On this last point bears the recent work of Neumeister’, 
who, using the ammonium sulphate method of Kiihne for removing 
from a solution all proteids except peptones (and deutero-albumoses), 
was unable to find any peptone, or only the merest trace, in the blood 
of animals in full digestion. He corroborates Hofmeister that even 
traces of peptone introduced artificially into the blood are excreted 
unchanged in the urine. 

Heidenhain® severely criticises Hofmeister’s views. He shows 
that during absorption there is no increase, or but very little, in the 
flow of lymph from the thoracic duct; that the percentage of proteids 
in the chyle (2°71 °/,) can in no way account for the large quantities of 
proteids absorbed; and that the leucocytes present in the mucous 
membrane of the intestine are weight for weight out of all. proportion 


1 Arch. f. Exp. Path. u. Pharm. Bd, xrx. 1885. 

2 Zeitschr. f. physiol. Chemie, Bd, rv. 1880. 

3 Arch. f. Exp. Path. u. Pharm, Bd. xx. 1886 and Bd. xxu. 1887. 

4 Zeitschr. f. physiol. Chem. Bd. v. 1881. 

5 Neumeister. ‘Ueber die Einfiihrung der Albumosen und Peptone in den Organ- 
ismus.” Zeitschr. f. Biol. xx1v. 1888. 


6 Heidenhain. “ Beitriige aur Histologie und Physiologie des Diinndarms.” Pfliiger’s 
Arch, xum. Suppl. Heft, 1888, 
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to the proteids they would have to assimilate. He is led to the result 
that 80 grams. of lymph corpuscles, being not more than 20 gr. of dry 
cell substance, would have to fix and transform 274 gr. of dry proteids. 

With the question of proteid absorption in this position, I undertook 
the task of ascertaining the fate of peptone when introduced into the 
lymphatic system, and by direct experiment on lymphatic glands of 
deciding whether lymph cells can assimilate peptone or not. 

The peptone used was in all cases the preparation of Griibler of 
Leipzig. It is not completely soluble in water or normal salt solution ; 
the slight cloudiness that persists, and is increased on warming, was 
always filtered off. Kiihne’ found this preparation contained a certain 
quantity of albumoses. The samples I obtained gave only a very small 
precipitate on saturation with ammonium sulphate. Neumeister* has 
shown that albumoses introduced into the organism are changed to 
peptones and if injected into the blood appear in the urine as peptones. 
I therefore took no precautions to free the peptone from the small 
amount of albumoses present. 


Methods used for the detection of Peptone. 


In Lymph. Hofmeister’s method was first applied as follows. 
The lymph, in quantity of about 20 c.c., is allowed to clot, the clot is 
broken up, and separated by filtration through glass wool. The serum 
is diluted with 3 or 4 times its volume of water, and 2 gr. of solid sodic 
acetate is added and dissolved, and then 1°5 cc. of a concentrated 
solution of ferric chloride. The amount of the latter is of great 
importance, as an excess of ferric chloride leads in the end to a 
coloured fluid, while with too little the complete precipitation of proteid 
is not secured. The solution is now rather strongly acid. In this lies a 
source of error, as the subsequent heating may lead to the formation of 
some peptone by the action of acid on albumins and globulins. The 
acidity must be largely reduced by the addition of sodic hydrate before 
the application of heat. The solution must, however, be left slightly 
acid, otherwise the proteids are not precipitated. The fluid is then 
rapidly boiled in an iron evaporating dish and then at once filtered. If 
the correct amounts of the different reagents have been added, the 
solution is perfectly clear and colourless and free from proteids 
(albumins and globulins). The filtrate is then evaporated on a water 


Neumeister. Zeitschr. f. Biol. xxtv. 1888. 
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bath to a small volume, filtered, if necessary, and the biuret reaction 
applied. By this method albumoses are not removed and the complete 
removal of other proteids is not always readily secured, and moreover as it 
was necessary for me to examine small quantities of lymph (5 c.c. or less) 
collected at different times in the course of an experiment, I turned my 
attention to the method introduced by Kiihne and used by Neu- 
meister. I applied it and modified it as follows. The lymph serum, 
or the lymph itself when it did not clot, freed from fibrin as above, is 
saturated with ammonium sulphate. The albumins and globulins are 
completely precipitated and a clear, colourless filtrate, which can 
contain only (of proteids) peptone and deutero-albumoses, is obtained. 
To the filtrate was added a few additional crystals of Am,SO,, but in no 
case did I find that any precipitate was formed, or that the solution 
was not completely saturated. For the application of the biuret 
reaction to such a filtrate Neumeister found that to obtain the 
necessary excess of alkali with as little dilution as possible, a saturated 
solution of potassium hydrate should be used. The addition of this 
leads to the precipitation of potassium sulphate and potassium ammonium 
sulphate as a thick mass of crystals. This is filtered off, and to the 
filtrate is added a drop of a dilute solution of cupric sulphate (1 to 2 °/)). 
Any red-purple or rose colour produced indicates peptone. In working 
with small quantities of lymph, I found that after this last filtration, 
the quantity of fluid is too small to satisfactorily apply the test, 
especially as, when only very small quantities of peptone are present, it 
is of great advantage to have a layer of at least 5 cm. in order to 
detect a delicate rose colouration. I therefore modified the application © 
of the test as follows. To the saturated Am,SO, filtrate is added half its 
volume of saturated KHO. The dense precipitate of salts produced is 
well shaken, and the tube allowed to stand 2 or 3 minutes to allow the 
heat developed by the chemical action to pass off. A drop of very 
dilute CuSO, solution is then added, the fluid, dense white from the 
precipitated salts, assumes a pale blue colour, due to the solution of 
hydrated cupric oxide in the ammonia generated. The same quantity 
of saturated KHO as before is now allowed to flow down the tube, and 
to form a layer at the bottom. If peptone is present a rose red ring is 
formed at the junction of the two layers. The contrast of the red ring 
with the pale blue above it renders the test very delicate. A number 
of preliminary experiments were made by applying the test to solutions 
of peptone in water, albuminous fluids, blood, and lymph, and it was 
found that so small a quantity as ‘015 °/, in lymph could with certainty 
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be detected. The formation of the red ring is at its maximum after the 
lapse of a minute or two, and after very gentle shaking. Neumeister 
in his mode of applying the test recommends slight warming for 
bringing out the biuret tint. In sugar-containing solutions, at least in — 
my method, this must not be done, on the contrary, it is well to keep 
the test-tube cold. The amount of heat developed by the addition of 
the second portion of KHO is slight. The possible source of error here 
was first pointed out by Sebelien*. Preliminary experiments I made 
with solutions of sugar and of peptone and sugar showed that in 
solutions containing sugar alone, no such red ring is formed in the first 
few minutes, and that it is only after some 6 hours, better 24 or more, 
that a reddish colour appears among the precipitated salts that have 
settled. The tint ultimately produced is, however, quite different from 
the rose biuret. As lymph, with which I was chiefly concerned, always 
contains sugar, it was of great importance to recognise this possible 
source of error. When it was possible and necessary the Am,SO, 
filtrate was concentrated to a small bulk, and filtered from the Am,SO, 
that crystallised out before the biuret test was applied. 

In Blood. The blood is immediately mixed with an equal volume | 
of saturated Am,SO, solution. This prevents coagulation. Am,SO, 
crystals are then added to saturation. The fluid can then be filtered. 
Without this dilution the precipitated proteids render the whole a 
jelly-like mass, practically impossible to be filtered. The filtrate is 
clear and colourless, free from albumins, globulins, and haemoglobin. 
The biuret test is then applied in the same way as with lymph. Blood 
that does not coagulate (as after peptone injection) was with advantage 
at once centrifugalised and the plasma obtained treated in the same 
way as lymph without dilution. 

In Urine. Hofmeister’s method, by precipitating the peptone by 
phosphotungstate of soda and decomposing the precipitate with barium 
hydrate, was in some cases used. Neumeister’s method was, however, 
found more convenient, and to give reliable results. The saturation of 
the urine with Am,SO, leads to the precipitation of urates and other 
salts which carry down much of the colouring matter. The separation 
of the colouring matter is of the greatest importance as the smallest 
trace of yellow colour reduces the delicacy of the biuret reaction. By 
shaking with charcoal the pigments can be completely removed, but 
peptone is also simultaneously abstracted. I found that as much as ‘1 °/, 


1 Zeitschr. f. physiol. Chemie, x1. 149. 


: 
a 
4 
4 
x 
vie 
4 
~ 


534 SHORE.’ 


is in this way removed. The addition of lead acetate to urine causes a 
copious precipitate of lead salts which carries down with it a considerable 
portion of the colouring matter. Solid lead acetate was therefore first 
added to the urine and the heavy precipitate filtered off. Ammonium 
sulphate was then added, this leads to another copious precipitate of 
lead as sulphate, carrying down a further portion of the colouring 
matter, and a subsequent saturation with Am,SO, leads to a still 
further removal of pigment. On filtration the solution is free from lead 
but usually still contains a trace of yellow pigment. Some urines can 
be entirely freed from pigment, others cannot by this process. Ex- 
periments showed that the loss of peptone is only small. The biuret 
test is then applied in the same way as with lymph. If the urine is to 
be concentrated, it is better to evaporate the final Am,SO, filtrate, as 
boiling the urine at first leads to a considerable deepening of the colour. 
In some cases the tannic acid test was applied to the blood and lymph, 
in addition tothe biuret. Almén’s’ mixture of tannic acid, acetic acid, 
and alcohol was used, the saturated Am,SO, filtrate fei previously 
diluted with an equal volume of water. 


Methods of introducing Peptone into the Lymphatic — 


The following three methods are available :— 
1. Direct injection into a lymphatic vessel. 
2. Absorption into the lymphatic system. 
_ 8. Secretion into the lymphatic system. 
- As the second of these was first used, the experiments performed 
with this view will be first recorded. 

One of Ludwig’s pupils’ found that when the bile duct is ligatured, 
the bile pigment and the bile: salts are absorbed not directly into the 
blood, but into the lymph, and reach the former only by way of the 
thoracic duct. The knowledge of this fact seemed to afford a means of 
_ obtaining absorption of substances into the lymphatic system. The 
first series of experiments performed, consisted of the introduction of 
peptone into the bile duct. 


2 Fleischl. ‘‘ Von der area und den Lymphgefiissen der Leber.” Ber. d. K. 
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SECTION 
Introduction of Peptone into the Bile Duct. 


In the first place it was necessary to determine in what time 
substances in solution injected into the bile duct under given 
pressures, can be expected to appear in‘ the lymph taken from the 
thoracic duct. With this view the following experiment was performed. 


EXPERIMENT ON ApRIL 17, 1890. 


Dog. 7:7 kilos, Morphia. Chloroform. 

Cannula placed in thoracic duct in the neck. Small incision in linea 
alba, duodenum drawn forward and a cannula tied into the bile duct. A very 
weak solution of flourescin in ‘6 °/, NaCl solution, made by adding a trace of 
ammonia, was allowed to flow from a burette to the cannula in the bile duct, 
through the coils of a tube lying in a vessel containing water kept at 40°. 
The first effect of the inflowing fluid is necessarily to distend the gall bladder, 
and the amount that flows in when the tap of the burette is first opened 
depends on whether the gall bladder is relatively full or empty of bile. In 
this experiment I have no record of what this amount was. It is usually 
10 to l5c.c. A pressure of between 20 to 35 centimeters of water was 
sufficient to overcome the low pressure under which bile is secreted and to 
allow the flourescin solution to pass in at the rate of 5 to 8 c.c. in 10 minutes. 
~ In 20 minutes from the beginning of the injection the first traces of flourescin 
appeared in the lymph flowing from the thoracic duct, and 10 minutes later 
the lymph was clearly flourescent. 


The experiment was repeated with a dog of 17 kilos. In this case 
30 minutes was required for the first traces of flourescin to appear in 
thelymph. Great care was taken in judging of the presence of flourescin, 
owing to the bile pigments also present. In both cases the lymph was 
clear and free from fat. 

Similar experiments were then made with peptone. I give here in 
detail some of them, and at the end of this section, a table comparing 
the results of all the experiments made. 


EXPERIMENT ON May 12, 1890. 


Dog. 6°8 kilos. 12 ct. gr. morphia. Chloroform and ether. 

Cannula placed in thoracic duct. 

Lymph contained a small amount of blood. No branches or connections 
could be seen. 
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I may mention here that in about one in every five dogs, I have found 
that the lymph contains a trace or more than a trace of blood. In these 
cases I have always sought for some small vein in connection with the duct, 
but in no case have I found one. I do not refer to such venous connections 
that arise from a division of the duct into two or more parts immediately 
before its opening into the subclavian. They must lie deeper than can be 
reached from the wound in the neck. Such must exist, as usually in such 
cases, while the duct in the neck appears reddish, in the thorax it appears 
whitish. 


L 
Time. in 
cub. cent. 
9.30 
9.40} 


Cannula placed in bile duct. 5°/, peptone solution in ‘6 °/, NaCl solution 
allowed to flow in. Warmed to body temperature. 10.13 inflow commenced. 


Amount of 
Time. Lymph peptone solution 
flowing in. 
1-4 
10.23 The smal] amount of lymph 
: 10 33 obtained here is due to a 
10.33 5-9 clot in the cannula. 
8-0 3°5 
8-2 100 
11.13 
11.23 
: 
| 80 
11.53 
Experiment stopped. 


Total amount of peptone injected 3-85 gr. during 100 minutes. 

In the last 70 minutes 52-6¢.c. lymph was obtained. A portion was 
_ examined by the method of Hofmeister, and another portion by the 
ammonium sulphate method given above. In both cases a very clear biuret 
reaction was obtained. 
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EXPERIMENT ON JuLy 15, 1890, 


Dog. 8°9 kilos. Morphia. Chloroform. 

Cannula placed in thoracic duct. Lymph clear, only slightly opaque. 
No blood, 2:1 c.c. in 10 minutes. 

Cannula placed in bile duct. 2°/, peptone dissolved in -6°/, NaCl solu-— 


c.c. c.c, 
10.35 
as 2°9 . Yellowish due to absorbed bile. 
10.55 | grote. 
11.15 
11.25 
| 4 Peptone first detected in lymph. 
1148 48 2 Peptone detected. 
11.55 4°8 5 Clear peptone reaction. 
12.5 49 5 Strong peptone reaction. 
12.253 | 60 6 
12,35 5 " 
Experiment stopped. 


Total amount of peptone injected 1-28 gr. during 130 minutes. 

The lymph collected during each 20 minutes was examined for peptone. 
Ammonium sulphate method used. Peptone was first detected in the lymph 
collected between 11.25 and 11.45, that is 70 minutes after the commence- 
ment of the injection ; °74 gr. peptone had then been injected. 


EXPERIMENT ON May 20, 1890, | 


Dog. 12:5 kilos. 16 ct, gr. Morphia. Chloroform, 

Cannula placed in thoracic duct, Lymph contained a trace of blood. In 
10 minutes 8°5 c.c. collected, 

Cannula placed in bile duct. 4°/, peptone solution. Made by dissolving 
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5 gr. peptone in 50c.c. -6°/, salt solution and adding to 75 c.c. of lymph 
serum taken from another dog. 
At 10.25 peptone solution allowed to flow in. 


cc. | 66 
10.25 O55 75 
210 | 9d 
135 45 
7 | 116 40 
es 160 11-0 | Increase of pressure of injection. 


170 | ‘55 
26°5 
260 | 10:5 | Increase of pressure of injection. 
195 70 | Peptone first detected in lymph. 
12.204 20) 240 | 21-0 | Peptone found. 


13-7 50 
3 | 


Experiment stopped. | | 

Total amount of peptone injected 3°64 gr. PS 115 minutes. Each 
portion of lymph, as collected, was examined for peptone. It was first found 
in the lymph taken between 11.50 and 12.0, that is 90 minutes. — the 
commencement of the injection. 

Nore. Urticaria developed during the injection of the peptone over the 
lower part of the abdomen and thighs. I have observed this in two other 
cases of peptone injection, It has been observed by others. 


In all cases of injection of peptone into the bile duct, there is an 
increase in the rate of flow of lymph from the thoracic duct. This 
depends, of course, on the pressure at which the injection is made and 
on the amount of fluid that is allowed to pass in. As a rule, however, - 


_ the increase in the:flow of lymph is small. An example of what is 


usually met with is afforded by the recorded experiment on May 12th. 
Here it is seen the increase is from 5:6 ¢.c. per 10 minutes before the 
injection, to a maximum of 8'2 c.c. during the injection. In the last 
experiment, here recorded, the increase is much greater. In 10 minutes 
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before the injection 8°5 c.c. was obtained, a rapid flow for a 12 kilo dog; 
yet 10 minutes after the commencement of the injection 25°5 c.c. was 
obtained in the same time, and although the rate of flow fluctuated, as 
much as 26°5 c.c. was later on collected in 10 minutes. Now, from 
experiments I had made, which will be recorded in this paper later, I 
had learnt that even small quantities of peptone introduced into the 
_ blood lead to an increase in the flow of lymph. If the peptone is slowly 
injected the acceleration is small. I was, however, led to think that in 
this experiment, perhaps, a certain quantity of the peptone injected had 
passed into the blood and excited the increased flow. A sample of blood 
was therefore drawn from the crural artery at 12.15 towards the end of 
the experiment, when the amount of peptone to be found in the blood 
could be presumed to be at its maximum, and examined for that 
substance. The result was a negative one. I determined, however, to 
examine into the truth of Ludwig’s statement as to the absorption of 
bile pigments, and to ascertain whether there was any loss of the peptone 
injected by its passing in part into the blood stream and so not entirely 
into the lymphatic system. 

_ An examination of the cases already recorded, and of the table of 
experiments given at the end of this section, shows that peptone appears 
in the lymph only after the lapse of some considerable time, 60, 70, 90 
and in one case 140 minutes. In all cases a considerable quantity of 
bile appears in the lymph long before peptone can be detected. After 
the first 20 minutes the lymph is distinctly tinged with bile, and the — 
amount steadily increases for about the first hour, after which it usually 
diminishes, A certain time then must elapse, depending partly on the 
amount of bile present in the bile duct and its ramifications, before any 
quantity of the peptone can be absorbed. I say, in the bile duct and 
its ramifications, because examination, after the experiments, in all cases 
where it was done, showed that, although the fluid injected distends the 
gall bladder, it does not pass to any great extent, into that organ, so as 
to empty it of bile, but merely passes largely by it, into the branches of 
the duct into the liver, driving before it the bile present in those vessels. 
Bearing in mind these conditions, and the fact that a substance such as 
flourescin, so readily recognised in mere traces, injected in the same way 
as the peptone solution, appears in the lymph only after the lapse of 
about half-an-hour and that the limit of detection of peptone in lymph 
is soon reached (‘015 °/,), it appears to me that the delay in its appear- 
ance in the lymph may be largely explained without supposing that it 
has suffered any transformation. In the experiment on July 15th only 
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‘74 gr. peptone had been injected before it was discovered in the lymph. 
Before, however, I give the experiments to prove that a portion of the 
peptone is lost by passage into the blood, I will record a case where 
peptone altogether failed to be detected in the lymph. 


EXPERIMENT ON May 2, 1890. 


Dog. 13°7 kilos. 16 ct. gr. Morphia. Chloroform. 
Cannula placed in thoracic duct. Lymph opaque white, no blood. 2 c.c. 
collected in 10 minutes. 


Cannula placed in bile duct. 3°/, peptone in normal salt solution flowing 
in at 11.24. 


moe 
c.C, 
11.27 
11.37 
11.47 
11.57 
12.7 
12.17 abe 
2°5 2 
Delay of nine minutes. 
12.36) 
12.46) 
45 
1.6 } 
4-0 3°6 
3-9 2:5 
1.36} 2-7 2°5 
1.465 4°0 15 
Experiment stopped. 


Total amount of peptone injected 1:29 gr. during 140 minutes. No 
_ peptone found in any portion of the lymph. 


Early in my investigations I had made experiments on the injections 
of small quantities of peptone into the blood and my results corroborate 
fully the observations of Hofmeister and of Neumeister that even 
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mere traces of peptone introduced into the vascular system are excreted 
in the urine. I had further observed that when the renal vessels are 
ligatured, the injected peptone still rapidly disappears from the blood, 
and appears in the lymph. If then, when peptone is injected into the 
bile duct, any considerable portion of it passes into the blood, and the 
renal vessels are ligatured, it would be expected that peptone would 
more readily appear in the lymph drawn from the thoracic duct. That 
this is actually the case the following experiment shows. 


EXPERIMENT oN May 19, 1890. 


Dog. 12°8 kilos. Morphia. Chloroform. 


Vessels of both kidneys tied, operating from the back. 
Cannula placed in the thoracic duct. 
Cannula placed in the bile duct. | 
4°/, peptone in normal salt solution allowed to flow in at 12.15. 


541 


Time. 
d flowing in. 
12.15 
3 
api 17-0 10 No peptone in lymph. 
! 2.43} 12:5 9 No peptone in lymph. 
12.53) 110 Trace of peptone. 
13 | 12-0 4 Peptone. 
L13) 11-0 6 Well-marked peptone. 
1.23} 105 5 ” 
1.335 10-0 6°5 
1.435 115 6 
1,53) 115 8 ” ” 
913} 20| 185 18 
Experiment stopped, | 


Total amount of peptone injected 3-12 gr. during 118 minutes. 


Examination of the lymph for peptone showed that a trace is found 
38 minutes after the beginning of the injection, and clear evidence of 
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peptone 48 minutes after. Comparing these figures with those given 
above in cases where the renal vessels are free, it seems clear that the 
peptone does in part pass into the blood. In these cases then a certain 
amount of peptone should appear in the urine. That this is actually 
the case the following experiment shows. _ 


EXPERIMENT ON JULY 23, 1890. 


Dog. 8:8 kilos. Morphia. Chloroform. 

Cannula placed in thoracic duct. Lymph clear, no blood. 

Cannula placed in bile duct. 2°/, peptone in normal salt solution allowed 
to flow in. Urinary bladder completely emptied. 


c.C, c.c, 

10.15 

|. 85 
8-7 3:5 
73 4-0 
11.30} 

11.45 
” 9°6 4°5 
12.0 | 
12.15 6°0 
soi” | 8-0 
19.45 ” 11:0. 4:0 
Experiment stopped. 


Amount of peptone injected 1°19 gr. during 115 minutes. 
Bladder contained 35 c.c. of urine. 
Urine rich in peptone. 


In two of my experiments I examined the urine for bile pigments. 
They can be conveniently separated out by saturation with Am,SO,, and 
then a strong solution of them obtained. In both cases strong reactions 
were obtained with Gmelin’s and with Huppert’s tests. A certain 
amount of the bile then, like the peptone, passes into the blood. The 
conditions in my experiments are not identical with those in the experi- 
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ments performed under Ludwig. In the case of the latter the pressure 
under which absorption takes place, is that of the secretion of bile, 11 
_ to 22 centimetres of water’, in my experiments the pressure owing to 
the injection is higher. It varied from 12 to 35 centimetres of the 
peptone solution. 
With the peculiar conditions of absorption due to the admixture 
with bile, and the loss by direct passage into the blood, the appearance 
of peptone in the thoracic duct, 70 or 90 minutes after the injection, 
could not be explained if the peptone suffered any considerable trans- 
formation. In one experiment no more than ‘74 gram. had been 
injected before discovery in the lymph. A portion of this, however, 
must have remained in the branches of the bile duct and in the gall 
bladder. 
| TABLE CoMPARING THE EXPERIMENTS MADE. 


Peptone 
Total Average 
Weight | Strength Duration | Average found 
Date. of Amt. of amount after 
, ‘ * | in mins. min. of injection 
o° | grammes. 10 min. in lymph. 
April 29; 1 098 | 008| 170 | 0:06 0-005 none_ 
May 2; 1 129 | 009; 140 0:09 0-007 none 
May 12 3°85 | 0:56 100 0:38 0°056 60 min. 


0:60 | 220 | 0-14 | 0-027 | 140 ,, 
3:12 | 0-24| 118 | 0-26 | 0020 | 47 ,, 
3:64 | 029} 115 | 031 | 0024 | 90, 
1:28 |014/ 130 | 009 | 0011 | 70, 
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Section II. 

Heidenhain’® has recently shown that when peptone is injected 
into the blood there is a large increase in the rate of flow of lymph. 
The amount collected from the thoracic duct may be increased 10 fold 
notwithstanding the fall of blood pressure due to the peptone injected. 
Moreover the amount of solids, especially of proteids, in the lymph 

1 Heidenhain. Hermann’s Handbuch. Bd. v. 269. 
2 Renal vessels ligatured. 


’ Communicated at the International Physiological Congress, Bile, 1889, and further 
at the Internat, Med. Congress, Berlin, 1890. 
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increases. These and other considerations have led Heidenhain to 
regard the formation of lymph as a true secretion from the blood vessels. 
In his experiments with peptone he had, however, made no observations 
directed, in particular, to determine the fate of that substance. I shall 
here briefly record the experiments I have made in that direction. 

When a small quantity of peptone is slowly injected into the blood 
there is usually only a small acceleration in the flow of lymph. The 
clotting power of the lymph is, however, markedly affected. The 
effects on the clotting of lymph and blood observed throughout these 
_ experiments and with injections into the bile duct or into a lymphatic 
vessel are in many respects new and remarkable, and will be published 
in a paper later, when a few more observations have been made. The 
usual effect is given in the experiment here recorded. 


| EXPERIMENT ON May 24, 1890. 
Dog. 5:5 kilos. Morphia. Chloroform. 


Amount of 
to 
Time. 80 
flowing in. 
10.27) | 
10 oat 3°4 5°6 Lymph clotted in 15 minutes. 
10 He 3°9 5-0 Lymph whiter, fluid 5 hours later. 
.57} 
11.7 3 3:2 50 Lymph whiter, fluid 5 hours later. 
11.17] 3-0 5-4 | Clotted in 15 minutes. 
11.27} 2°7 4°6 Clotted in 10 minutes, 
] 
11.37) 2°9 50 Less white, clotted in 5 minutes. 
1147} | 40 | 50 | Clotted in 5 minutes 
11.57) 3°9 5-0 es clear, clotted in 5 minutes. 
a. artially clotted before the lymph 
of 10 winutes could be col- 
12.17 | 3°7 5: lected, 
12.275 3°8 et Clotted in less than 1 minute after 
12.375 3:8 50 dropping from the cannula. 
12.475 3-4 5:4 | Same. 
12.57; | 28 50 | Same, 
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Cannula placed in thoracic duct. Lymph 2:5c.c. in 10 minutes, clotted 
firmly in 15 minutes. 

Cannula placed in branch of the jugular vein. 4°/, peptone in normal 
salt solution, warmed to body temperature, by passing through coils of tubing 
lying in water at 40°C., allowed to flow into the vein at 10.28. Flowing 
in uniformly and constantly. | 

Total amount of peptone injected 3°04 gr. during 150 minutes. No 
peptone found in any portion of the lymph. 

Bladder much distended. Large amount of urine (not measured). 

Urine rich in peptone. 


It will be noticed that 20 minutes after the beginning of the 
injection a period is reached when the lymph has lost its power of — 
clotting. This lasts here 20 minutes, and the lymph then rapidly 
regains its clotting power, notwithstanding the continuation of the 
injection, and after some time clots quicker and firmer than before. 
This is sometimes so marked that difficulty arises in collecting the 
lymph, owing to clotting in the cannula itself. Very similar effects are 
observed when dilute solutions of peptone are injected directly into a 
lymphatic vessel, or into the bile duct. It.will be seen, from the table of 
experiments given in the last section, that when a 1°/, peptone 
solution is injected into the bile duct and ‘98 gr. peptone allowed 
to enter in nearly 3 hours (170 minutes), no peptone was detected in 
the lymph, although the effects on the clotting power of the lymph, viz. 
a period of loss of clotting power followed by one of accelerated power, 
were in this case well marked. I therefore think that when peptone 
in small quantity is injected slowly into the blood, although by far the 
greater part of it escapes in the urine, a fraction of it, too small for 
detection, is thrown out of the blood into the lymph. 

In a similar experiment to the one just recorded, viz. that of May 30 
(see table at end of this section) three samples of blood were drawn 
from the crural artery during the course of the injection. In none of 
these could peptone be detected. The injection of only 039 gr. per 
kilo of body weight per 10 minutes, and its rapid removal by the 
kidneys, explains this result. When peptone is injected rapidly, 3 to 
‘6 gr. per kilo during 2 to 10 minutes, it generally disappears completely 
from the blood in 5 to 10 minutes after the end of the injection. In 
these cases the fall of blood pressure leads to more or less complete 
arrest of renal secretion. The peptone is thrown out of the blood into 
the lymph. A well marked instance of this is afforded "* the following 
experiment. 
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EXPERIMENT oN Avucust 21, 1890. 


Dog. 15 kilos. Morphia. Chloroform. 

Cannula placed i in thoracic duct. Lymph opaque white, free from blood. 
75 ¢.c. obtained in 10 minutes. Clotted normally. 7°5 grams peptone dis- 
solved in 50 c.c. normal salt solution —s into the jugular during 6 mins. 
viz. 12.46 to 12.52. 


Lymph 
Time. 
va 10’ 23:5 At 12.57 blood drawn from crural artery. 
: 12°6 At 1.2 blood drawn from crural artery. 
1.12 
14:2 
19-0 
20°5 
1.42 
1.52 
2.2 
2.12 
2,29 13:0 
2.32 
2.42 
9:0 
2.52 
Experiment stopped. 


Before the experiment began, the bladder was emptied. On the injection 
of the first portion of the peptone some struggling took place, and a little 
- more urine was evacuated. After death the bladder was found contracted. 
It contained only 2°5c.c. urine. In this no peptone found. In the 9-5 c.c. 
of lymph collected during the injection no peptone was found, but all the 


subsequent portions contained peptone; with the first four of these, that is 


for 40 minutes after the end of the injection, a strong biuret reaction was 
obtained. This gradually diminished in intensity, giving a trace only in the 
last three portions. — 

Blood was drawn 5 minutes and 10 minutes after the end of the injection. 
Both portions eceuzie a trace only of peptone. 
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It will be noticed that there was a considerable increase in the flow 

of lymph ; in the first 10 minutes after the injection more than 3 times 

* as much was collected as in 10 minutes before the injection. When the 

renal vessels are ligatured and peptone slowly injected into the blood 

there is also an increase in‘the flow of lymph. The peptone as it is 

injected, disappears from the blood. It appears in the —- as the 
following experiment shows. 


EXPERIMENT ON JUNE 2, 1890. 
Dog. 8-5 kilos. Morphia. Chloroform. 


‘Amount of | Amount 
Time. 
c.c. 
11.5 46 5 
11.15 | 
11.25 
11.38 125 
11.32 Blood drawn from crural artery. 
11.35 10-7 
11.45 
11.55! 9-2 5 
11.47 —_ Blood drawn from crural artery. 
12.0 Blood drawn from crural artery. 
12.5 8-0 5 
12.15 
12.25 
12.17 —_ Blood drawn from crural artery. | 
12.25 «67 
12.35 ‘ 
Peptone first detected in lymph. 
: 5:7 7 Peptone. 
12.55 
Ls 5:0 55 Peptone. 
5:0 4°5 Peptone. 
ian 4-7 50 | Peptone. 


1.20 Blood drawn from crural artery. 
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Vessels of both kidneys ligatured. Operation performed from the back, 
without opening the peritoneal cavity. Cannula placed in the thoracic duct. 
Lymph opaque white, free from blood. 2:2¢.c. in 10 minutes. 

4°/, peptone in normal salt solution flowing into branch of jugular vein 
at 11.5. 

Total amount of peptone injected 3:16 gr. during 140 minutes. Peptone 
first detected in the lymph at 12.35, 90 minutes after the beginning of the 
injection. 2 gr. had then been injected. In the blood drawn no peptone 
could be found. The Am,SO, method was used, without concentration. — 


EXPERIMENT ON JUNE 4, 1890. 


Dog. 9°6 kilos. Morphia.. Chloroform. 

Vessels of both kidneys ligatured. 

Cannula placed in thoracic duct. Lymph flowing slowly, 1 c.c. in 10 mins. 

Injection of 4°/, peptone in normal salt solution into branch of jugular 
vein. Oommenced at 11.0. : | 


| Peptone 
L 
Time oblained, | polation 
c.c. C.C. 
11.0 9 10 
11.10 
5’ | «130 5 
24-0 0 
11.35 as 
11.45 
10:0 9 
11.55 
12.5 
ape 12°5 11 Peptone first detected in the lymph. 
10°6 10 | Peptone. 
12.25 
12.35 
12.45 ” 
12.55 5-0 10 
Injection stopped. 


Total amount of peptone injected 3-6 gr. during 115 minutes. Peptone 
first detected 75 minutes after the beginning of the injection. 2 gr. had then 
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In this case the acceleration in the flow of lymph was very marked. 
Before the injection 1 ¢.c, was obtained in 10 minutes. After 21 cc. of 
the peptone solution, that is ‘84 grams. of peptone had entered the blood, 
24 c.c. was obtained in the same time. 

A portion of this lymph was taken and the amount of solids 
determined. The result was 7°6213°/. The solids in the 2 cc. 
collected in the first 10 minutes was determined for comparison. This 
gave 62271 °/.. The increase here agrees very well with that observed 
by Heidenhain in similar experiments. When injected peptone is 
cast out of the blood, a considerable quantity of water and solids 
(chiefly proteids) passes out with it, and the relative quantity of proteids 
to the water is increased beyond what obtains in the normal secretion 


of lymph. 


| Injection of Peptone rapidly into the blood, with the 
Renal vessels ligatured. i 


Although on rapid injection of peptone into the blood, as pointed 
out above, the secretion of urine is usually more or less brought to a 
standstill, I nevertheless made some experiments in which any pos- 
sible loss in the urine was prevented. When the renal vessels are 
ligatured, and peptone injected quickly into the blood, it always 
rapidly appears in the lymph of the thoracic duct. The following 
experiment illustrates this. 


EXPERIMENT ON JuLy 4, 1890. 


Dog. 8°6 kilos. Morphia. Chloroform. 

Vessels of both kidneys ligatured. 

Cannula placed in thoracic duct. Lymph clear. No blood. 3°6c.c. in 
10 minutes, : 

4:3 gr. peptone dissolved in 30 c.c. normal salt solution. Warmed to 
body temperature, injected into branch of jugular during 2 minutes, viz. from 
10.32 to 10.34. 


io 
: 
4 
wy 
“ee 
ny 
‘ 
if 
At 
ag 
a 
Ja 
: 


550 L. E. SHORE. 


Lymph obtained, 
Time. Time. 
c.c, 

| 0 | 
1037) 5, | ay | 1087 Blood (1) 3 min. after injection 
1043] ng 10.42 | Blood (2) 8min. ,, 
10.47} (3) | 10.45 | Blood (3) 11min. 
10.52) ° 10.50 | Blood (4) 15min. 5, 
(4) 
11.131 
11.22) ” (5) 
| 8° 
L 
” | ©) 

9 
11.52) 
12 (7) 
19.175 


3 gr. of peptone dissolved in 30 c.c., normal salt solution was then injected 
during 2 minutes ; viz. from 12.23 to 12.25. 


12.25 5 12.30 | Blood (5) 5 min. after 2nd injection. 
12.45 12.45 | Blood (6) 20 min. _,, 
3°8 
12.55 (9) 
3: | 
1.5 
Experiment stopped. 
Examination for peptone. 

Lymph, Blood. 
(1) None. (1) Trace. 
(2) Peptone. (2) None. 
(3) Peptone. (3) None. 
(4) Peptone. (4) None. 
(5) Peptone. (5) None. 
(6) Trace. (6) None. 
(7) None. 


(8) Peptone. 
(9) Peptone. 
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Peptone is then found in lymph 10 minutes after the beginning of 
the injection, or if we take the middle of the time during which the 
lymph first containing peptone is collected, 74 minutes only;. or 5} 
after the end of the injection. 

In the blood drawn 3 minutes after the end of the injection a trace 
only of peptone is found, and in that drawn 8 minutes after, none at all. 
The peptone of the second injection also disappears from the blood as 
readily ; in 5 minutes none can be found. It appéars at once in the 
lymph. There is, however, no acceleration in the lymph-flow. We see 
that the peptone must be gradually brought back to the blood by the 
thoracic duct. We should expect then, if it is allowed to re-enter the 
blood, and not to escape by the kidneys, that it would be longer 
recognisable there. That this is — the case the following 
experiment shows. 


EXPERIMENT ON JuLy 8, 1890. 


Dog. 5°5 kilos. Morphia. Chloroform. 
Ligature of renal vessels. 
3°8 gr. of peptone (*7 gr. per kilo) dissolved i in 30 c.c., scsitaih salt solution 
injected into the jugular. | 
Time. 
9.52 Injection commenced. 
9.54 Injection ended. 
9.56 Blood drawn from crural artery. 2 min. after injection. 


9.58 ” Wee ” 4 ” ” 
10.12 ” 18 ” ” 
10.17 ” ” 23 ”? 


The differeyt portions of blood were centrifugalised till rather more than 
half the volume of plasma was obtained, and the plasma examined for peptone. 
All the specimens gave the biuret reaction in gradually decreasing intensity, 
but very faint in the last. For more than 20 minutes then peptone could be 
detected while if the lymph is not allowed to enter the blood, 8 or 10 minutes 
is the limit in my experiments. In this last case rather more peptone per 
kilo of body weight was injected than in the other cases. 


From the experiments recorded in this section we see that :— 


1. Peptone injected slowly into the blood is excreted in the urine. 
2. If the renal vessels are tied, it passes from the blood into the 


lymph. 
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3. Peptone injected quickly into the blood may be in part 
excreted in the urine, but it is chiefly thrown out into the lymph. 

4. If the renal vessels are tied it is rapidly thrown out of the blood 
into the lymph. | | 

5. From the lymph in the tissues of the body the peptone is 
gradually carried to the thoracic duct, and then enters the blood again. 


Hofmeister’ found that in cases where he injected peptone 
rapidly into the blood, he could recover a considerable quantity of 
the peptone in the urine of the next 24 hours. In rabbits 80 °/, could 
be recovered. The bulk of the injected peptone must have been at once 
thrown out of the blood into the lymph, to be only gradually brought 
back by the thoracic duct as the kidneys recovered their secretory — 
activity with the rise of blood pressure. The peptone would more- 
over be thrown out into the lymph from the capillaries in all tissues of 
the body ; it may be that the endothelial cells of the capillaries in 

particular tissues, as for example the kidney, are more active in the 
work than others, and that this is an explanation of the heaping up of 
peptone observed in the kidney by Hofmeister, yet in my experiments 
the same rapid disappearance from the blood is observed when the 
kidneys are excluded from the circulation. In its passage from the 
various tissues by the lymphatic vessels some of the peptone must pass 
through lymphatic glands. That I find it readily in the lymph of the. 
thoracic duct, and that Hofmeister could ultimately recover 80 °/, in 
the urine, show that it could have suffered little or no transformation 
by the leucocytes of the lymphatic system. 


TABLE COMPARING THE EXPERIMENTS MADE. 


| Total Average| Peptone 
amount | Amt. amount aftery Peptone Renal 
Date. of injected Ea injection per kilo | beginning found Poeanceos a 
in kilos, | one | min | 10min, | in urine. 


May13| 106 | 150 | 50 |047| 10 | 50 (0-470; 11 | — (| tied 
May24/| 55 | 40 | 3:04 | 0°55/| 150 | 0-20| 0-036| none normal 
very strong 


June 2| 85 | 40 | 3:16 | 0:37| 140 | 0-22 | 0-026 | in 90’ tied 
June 4| 96 | 40 | 3:60 | 03 tied 
July 4} 86 | 1419| 43 | 05 tied 


1 Zeitschr. f. physiol. Chemie. v. 127. 
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Section ITI. 


Direct injection into a Lymphatic Vessel. 


The saphena vein, in-the foot of the dog, as it passes from the inner 
to the outside over the lower end of the tibia is accompanied on either — 
side by a lymphatic vessel. There is usually one only on each side of 
the vein, and they anastomose rarely, but there may be two or more 
small vessels on either side with frequent anastomoses. In the latter 
case one must seek higher up the course of the vein for a single 
vessel. This is generally found, as the smaller ones unite before enter-_ 
ing the glands at the knee. A small longitudinal incision of the skin is 
made over the course of the vein. The latter is then, with its accom- 
panying lymphatics, compressed above. I found it desirable to secure a 
special clamp for this purpose. Manipulation of the foot drives lymph 
onwards, and the lymphatics swell up as two colourless cords very close 
to the vein. The larger is selected and freed from the connective tissue 
over it and binding it to the vein. Threads are then passed under it | 
and between it and the vein by a small curved needle. On incision, the 
lymph escapes and the vessel collapses and can be no longer seen, so 
that the insertion of a glass cannula, however small, by the usual means 
is impossible, at least into the proximal end. Into the distal end, from 
which an outflow of lymph may be kept up by manipulation of the foot, 
it can be accomplished. A fine sharp-pointed steel tube, such as is used 
with a small injection syringe, was pierced through the wall of the lymph- 
atic, passed along some distance in the lumen, and tied in by 2 or 3 
threads. I found it was necessary to free the vessels completely from 
connective tissue beforehand, otherwise it was difficult to be sure that 
the point of the tube was actually passed into the lumen and not merely 
into the tissue around. The steel tube and the connections to the inject- 
ing apparatus must be in 2 or 3 places bound to the foot, to minimise 
the chance of any movements of the latter driving the sharp point of 
the cannula through the lymphatic wall. The fluid was allowed to flow 
in from a graduated tube, and was conducted through a vessel containing 
water kept at 38°—40°. It is of the greatest importance that the fluid 
as it flows shall be free from all bubbles of air, and of course, none must 
be introduced when the cannula is inserted. I refer to the minute air 
bubbles which are so difficult to remove from a viscous fluid (lymph 
serum was used). If these are allowed to enter the resistance in the 
lymphatic glands soon becomes very considerable. Their removal, how- 
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ever, from the pipette and its connections is very difficult, as they adhere 
largely to the wall of the rubber tubing. 

The peptone was, in all cases, introduced dissolved in the serum of 
the lymph obtained from the thoracic duct of the same dog. The dogs 
were kept without food for 24 hours previously, that the lymph should 
be clear. The peptone was dissolved in a very little salt solution and 
added to the lymph serum to the extent of -4 to 2°/. The serum was 
then filtered. Not more than 2 ¢.c. was allowed to flow in in the course 
of 10 minutes. By careful adjustment of the clamps on the tubing, the 
inflow could be made almost constant and uniform. At the beginning 
of an experiment some 10 to 15 centimetres of serum pressure only is 
necessary. After 30 or 40 minutes the pressure must be increased, and 
I found in my earlier cases that if the experiment was carried on for 
longer than an hour, a pressure of 35 or 40 centimetres was necessary, 
to secure the inflow of even 1 c.c. in 10 minutes. I attributed this to 
the resistance created in the lymphatic glands by the accumulation 
there of minute air bubbles. When greater care was taken to remove 
these as much as possible from injected fluid, only a — gradual rise 
of pressure was necessary.. - 

A preliminary experiment was made to delersiinen through what 


lymphatic glands a solution so introduced would pass, and in what time 


it would reach the thoracic duct in the neck. 

In a 9 kilo dog a solution of sulphindigotate of soda was introduced 
in the above manner into a lymphatic vessel of the foot. In 10 minutes 
from the beginning of the injection the lymph flowing from the thoracic 
duct was tinged with blue, in this time only 1°5 cc. of sulphindigotate 
solution had entered the lymphatic vessel. Dissection after death 


showed that the solution had passed through an oval lymphatic gland. 


at the knee, 3 centimetres long and 1°5 centimetres wide, and again 
through two smaller glands at the groin. From these a large number 
of anastomosing vessels injected with the blue solution could be traced 
in the abdomen passing towards the thoracic duct. In all my cases 
a gland was situated at the knee, the dimensions of the gland given in 
the above case differ little from what was usually met with. Sometimes 
there are two. Through these glands the injected peptone solution in 
all cases passed. This was proved, as at the end of each experiment a 
coloured solution was injected and a subsequent dissection made. The 
glands at the groin are not so constant. 


I give the details of two of the cases of peptone injections and a 


summary and comparison of all the experiments made. 
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PEPTONE IN LYMPHATICS. 


EXPERIMENT ON JuNE 19, 1890. 


Dog. 9:1 kilos. Morphia. Chloroform. 

Cannula placed in thoracic duct. Lymph somewhat opalescent. No 
blood. A quantity of lymph obtained and peptone added to 1:42 °/, 

Cannula inserted into lymphatic _ of foot. Inflow of peptone solu- 
tion commenced at 10.18.. | 


Lymph 
Time. | obtained. | flowing in. 
C.c. 
49 
wal | 
14 
10.58 a 
11.18 
11.48 
Injection stopped. 
Total amount of peptone injected +144 gr. during 90 minutes. 
Examination of Lymph for Peptone. 
(1) Trace. 
(2) Peptone. 
(3) Peptone. 
Not examined. 
(5) No peptone. 


In 20 minutes from the beginning of the injection peptone is — 
found in the lymph of the thoracic duct. Taking the first 30 minutes 
we see that 3°5 c.c. containing 049 grams. was injected. It is clear that 
the lymph cells in the path from the foot to the thoracic duct in the 
neck, cannot assimilate so small a quantity as ‘049 gr. of peptone in the 
course of half-an-hour. | 
It will be noticed that in the last portion of lymph no peptone was 
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found, that is after the lapse of more than an hour from the beginning 
of the injection. It will also be seen that in the last 30 minutes less 
peptone solution entered, 1°9 c.c. against 3:5 c.c. in the same time at the 
beginning, although a much higher pressure was used. This is due to 
the increased resistance in the gland at the knee, and the ‘5 c.c. or ‘6 cc. 
of fluid injected in 10 minutes, under the high pressure, is merely 
extravasated into the tissue around. This was abundantly proved by 
substituting a solution of sulphindigotate of soda for the peptone 
solution. The blue solution extends to the gland and into its substance, 
but only when considerable pressure is used, beyond it; and there is at 
the same time extravasation into the neighbouring tissues. In no case 
did the blue colour extend to the thoracic duct, although the injection 
was kept up for 40 or 50 minutes. If the injection is made at the 
beginning of the experiment, as mentioned above, with very low pressure, 
the sulphindigotate appears in 10 minutes in the outflowing lymph. 
The creation of the resistance I attribute merely to the accumulation of 
minute air bubbles. I know of no ready method to free the solution 
from them except boiling it, and this was of course not applicable to 
lymph serum. The result, however, is very instructive, as it proves 
beyond all doubt that the peptone injected must have passed through 
the glands, and was not conducted past them by any collateral channels. 
It is then at the beginning of the experiment, when any power the cells 
have to assimilate peptone is not exhausted, that mere traces can pass 
through the glands unchanged. 
In the following experiment the resistance set up is not so marked, 
and peptone was found in all the lymph collected. | 


EXPERIMENT ON JUNE 30, 1890. 


Dog. 10-9 kilos. Morphia. Chloroform. 


Cannula placed in thoracic duct. Lymph slightly white. A faint tines 
of blood. 2°/, peptone solution made in lymph serum. 

Cannula inserted into lymphatic vessel of foot. Injection commenced. 

Total amount of peptone injected -308 gr. during 110 minutes, In the 
lymph collected in the first 20 minutes a trace of peptone was found. The 
subsequent portions gave a well marked biuret reaction. The last three 
portions, mixed and then examined, gave the reaction but not so strongly. 
Peptone was then clearly found after the first 30 minutes, 3-9 c.c. containing 
‘078 gr. had then been injected. i 
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c.c. c.c, 

11.37 

11.47 

11.57 

12.17 0 

3:1 13 

12.37 

2-7 0-9 

2-9 0-7 

2-8 0-7 

Injection stopped. 


I give a table of comparison of three experiments made. Injections 
of still smaller quantities of peptone were made early in the series of 
experiments, I omitted however to examine the first portions of lymph 
obtained, so that they are of no value, They will be at the first 
opportunity repeated. 


Weight | Strength Total Average Total 
of of amount ascend amount 
Date. ts injected ‘ injected 


June 18 | 138 10 0-091 0-017 0-051 3 

June 19 9-1 1°42 0-144 0-016 0-049 

June 30 | 10°9 0:308 0:028 0-078 q 

PH. XI. 39 4 
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SECTION IV. 


Injection of Peptone into the Spleen and Liver. 


Hofmeister found that the spleen of animals in full digestion often 
contained peptone, and in these cases more than the blood itself. I do 
not know that Hofmeister has attributed any particular function to 
this organ in the normal transformation of absorbed peptone, but as it 
contains lymphoid tissue, I made experiments to learn if its cells have 
the power of taking up and assimilating peptone. The experiment 
consisted of the introduction of peptone into the splenic artery and the 
detection of it after passing through the organ. Taking advantage of 
the fact that peptone introduced into the general blood is excreted in 
the urine, instead of examining the blood of the splenic vein, the much 
simpler and perfectly trustworthy plan of testing the urine was followed. 
As the blood from the spleen passes into the portal system it was in the 
first place necessary for me to be sure that peptone could readily pass 
through the liver. I made therefore an experiment to test the view 
put forward by Plész and Gyergyai in 1875 and added to by 
Seegen’ that the liver plays a part in the transformation of peptone. 
Neumeister’ is unable to support this view. In his experiments he 
had injected, in one case, as much as 10 gr. of peptone in ? hour into 
a mesenteric vein and in another dog 6 gr. in the same time, and 
afterwards found peptone in the urine. These quantities seemed to me 
much too large, I therefore made the following experiment. 


EXPERIMENT ON JULY 11, 1890. 


Dog. 4°5 kilos. Morphia. Chloroform. 

Bladder completely emptied. 

Cannula placed in a mesenteric vein. 

4°/, peptone in normal salt solution, warmed to body temperature flowing 
into the vein at 9.20. At 9.35 6¢.c. had entered, a weaker solution was 
then substituted as it was found too difficult to keep the inflow of so small 
a quantity of fluid uniform. At 9.40 a 1:33°/) solution was flowing in, the 
amount entering varied between 6 c.c. and 9c.c. during 10 minutes. At 10.50 
the injection was stopped. Total amount of peptone injected was 92 gr. 


1 Seegen. ‘‘ Zur Umwandlung des Peptons durch die Leber.” Pfliiger’s Arch, xxxvut. 
325. 
? Neumeister. ‘ Zur Frage nach dem Schicksal der Eiweissnihrung im Organismus.” 
Ber, d. Phys. Med. Gesell. zu Wiireburg. 1889. 
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during 1} hours. The bladder contained 24 ¢.c. urine. The urine gave a 
very clear biuret reaction. Peptone then, introduced into the — vein, 
eg: passes through the liver. 


Injection of Peptone into the Splenic Artery. 
Experiment on 30, 1890. 


Dog. 13 kilos. Morphia. Chloroform. 

No food for 24 hours previously. Bladder emptied. 

Blood drawn from crural artery. Defibrinated. _ 

Filtered through glass wool. Peptone added to make a 2°/, solution. 
A branch of the splenic artery from which 6 or 7 arteries passed into the 
spleen was selected. Cannula tied in, and connected to a burette in which a 
positive pressure of 150 to 200 mm. of mercury was brought to bear on the 
surface of the blood to be injected. By adjustment of the burette tap and 
the clamps on the tubing an almost constant and uniform inflow was secured. 
As the defibrinated blood passed in it was warmed to the body temperature. 
Injection commenced at 10.30 and ended at 11.30. 56c.c. injected, that is 
1-12 gr. peptone during hour. 

Dog killed 1} hours later. Bladder contained 25 .c. of urine. Urine 
gave a strong biuret reaction. : 


In another experiment with a 12°5 kilo dog 1:04 gr. peptone was 
injected in the course of 1 hour and 40 minutes in the same manner. 
One hour after the end of the injection the animal was killed. The 
bladder contained 245 cc. of urine (it was not previously emptied). 
The urine gave the biuret reaction, notwithstanding its large quantity, 
aud the consequent dilution of the peptone it contained. 

The lymphoid cells of the spleen, therefore, are unable to assimilate 
‘104 gr. peptone injected in the course of 10 minutes. 

A branch only of the splenic artery was selected for the injection in 
order that the supply of arterial blood to the organ should not be cut off. 
The free intercommunication of blood in the splenic pulp would tend to 
keep the whole organ in a normal condition. 


CONCLUSIONS. 


1, Peptone introduced into the lymphatic system can be recovered 
unchanged. 

2. The cells of lymphatic glands have not the power to assimilate 
peptone. 
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3. The cells of the spleen do not take up or transform peptone. 

4. The liver can take no part in the normal transformation of 
peptone. 
. §. The normal transformation of peptone is effected by the epithe- 
lial cells of the intestinal mucous membrane. 


Bearing on the last point Heidenhain has proved that absorption 
depends on the vital activity of the epithelial cells. He is also led to 
believe that some five minutes is necessary for the passage of fluid 
through them, and considers it highly probable that the transformation 
of peptone is effected during that passage. I am at present engaged 
with experiments on the epithelium with a view of affecting the trans- 
formative independently of the absorptive function. The experiments 
I have already made will be reserved till the work is complete. 

My warmest thanks are due to Professor Heidenhain for assistance 
and criticism throughout this work. 
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ON THE EFFECT OF PEPTONE ON THE CLOTTING 
OF BLOOD AND LYMPH. By L. E. SHORE, MB, 


Demonstrator of Physiology in the University of Cambridge. 
(Preliminary communication.) 


Most of the facts recorded in this short preliminary paper were 
observed in the course of an investigation of the fate of peptone in 
the lymphatic system. The action of peptone on the clotting power 
I deemed of sufficient importance to deserve a special investigation, 
but I shall do no more here than record some of the effects observed, 
without attempting to give an explanation of the facts, until I have 
made more experiments. 

Schmidt-Miillheim’ discovered in 1880 that when ‘3 to ‘6 gr. of 
peptone per kilogramme of body weight is injected into the blood of 
the dog, blood drawn from the body at any time during the next hour 
does not clot spontaneously. 

Fano* showed that to produce this effect, the peptone must be 
injected rapidly in the course of a few minutes, and that no effect is 
produced if the same amount or even more is introduced slowly and 
gradually. He also observed that after rapid injection into the blood, 
the lymph that can be collected from the thoracic duct also does not 
clot. In cases where the peptone injection was without influence on 
the blood (6°/, of the cases) the lymph obtained during the same time 
is also unaffected. He lays great stress on the fact that as far as 
clotting power is concerned the lymph always goes hand in hand with 
the blood, and deduces therefrom a proof that the lymph is completely 
dependent on the blood and produced therefrom by a physical diffusion. 
In direct opposition to this stand several observations of my own. 

I record an experiment showing that slow injection of peptone may 
lead to blood which clots normally, lymph which does not clot. For 


1 Schmidt-Millheim. Du Bois-Reymond’s Arch. Physiol, Abth, 1880. 33. 
2 Fano. Du Bois Reymond’s Arch, Physiol. Abth. 1881. 277. 
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the sake of brevity the full protocol of the experiment will not be 
given. 


Dog. 85 kilos. Lymph from thoracic duct clots normally. 4°/, peptone 
solution flowing constantly into jugular vein at average rate of 5:6 c.c. per 10 
minutes. The lymph of the first 10 minutes after the beginning of the 
injection clotted in 15—20 minutes, all the other portions collected in each 
successive 10 minutes, were fluid 4 hours later, and with the exception of the 
4th and 5th portions, which showed a small weak clot at the bottom of the 
vessel, were still fluid the next day, 16 hours later. The injection was 
continued 2 hours 20 minutes. Total amount of peptone injected 3°16 gr. 
or ‘37 gr. per kilo. For 1 hour 20 minutes after the injection was discon- 
tinued the lymph collected in each successive 10 minutes remained fluid. The 
experiment was then stopped. Blood was drawn from the crural artery five 
times during the course of the injection. 


1. Drawn 27 min. after begin. of inject. | Small weak clot at bottom of 


vessel after 2 hrs. 
2. Weak clot in 30 minutes. 
3. Clotted in 10 minutes. 
4, Clotted in 5 minutes. 
5. Clotted in 5 minutes. 


The more usual effect of the slow injection of peptone into the 
blood is to lead to a period in which the lymph does not clot, followed 
by a period when it clots quicker and firmer than before. The follow- 
ing experiment illustrates this. 3 


Dog. 5°5 kilos. Lymph from thoracic duct clots in 10 minutes. 4°/, 
peptone solution running constantly into jugular vein at average rate of 5:2 
c.c. per 10 minutes for 2 hours 30 minutes. The lymph flowing out in each 10 
minutes was collected. The second portion clotted in 20 minutes. The third 
and fourth portions were fluid 5 hours later. The fifth clotted in 15 minutes 
and the succeeding portions quicker, till after 1 hour 30 minutes from the 
beginning of the injection the lymph clotted in a few seconds after it dropped 
from the cannula. This lasted till 20 minutes after the discontinuation of the _ 
injection. The lymph then gradually exhibited its normal clotting power, 
and 1 hour later clotted as it did before the injection. 


The period of loss of clotting power is generally a short one, as 
in this case; it may be only represented by diminished clotting power, 
the lymph clotting after 2 or 3 hours. In these cases a small network 
of fibrin filaments is formed only on the sides of the vessel, and a 
portion remains fluid and can be poured out. The period of rapid 
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clotting power is much longer. There is often difficulty in collecting 
the lymph, owing to clotting in the cannula itself. The clot formed 
is a very firm gelatinous one. When observed for as long as 3 days, 
it is noticed that it does not contract. This is in marked contrast to 
the clot of normal lymph. 

When peptone is injected into the bile duct it passes largely into 
the thoracic duct. The same effect on the clotting power of the lymph 
is observed. The period of loss of clotting power follows some 20 
minutes after the commencement of the injection, and if the injection 
solution is weak (1 °/,) lasts 40 or 50 minutes, and is followed by the 
period of rapid clotting, which lasts till the end of the experiment. 
The injection of a strong solution (5 °/,) has the effect of cutting short 
the period of loss of or diminished clotting power, and of hastening and 
intensifying the period of ong clotting power. 
| As it is known that some 2 °/, of bile salts added to the blood out 

of the body prevents clotting I made an experiment to see if the 
absorption of bile alone would produce the result. No diminution of 

the clotting power was observed. When peptone is injected into a 
lymphatic vessel, the lymph obtained from the thoracic duct does not 
clot. Periods of rapid clotting also occur, but I have not made as 
yet a sufficient number of experiments to enable me to state definitely : 
the conditions of their occurrence. 

I can corroborate Fano’s observation that after rapid injection 
of peptone into the blood the lymph does not clot. In all my cases 
_ the blood remained, as usual, fluid. A much smaller amount of peptone 
injected into the blood suffices to prevent clotting of the lymph, so 
that even with a rapid injection, the same condition as is obtained 
with a slow injection can be brought about; viz. clotting blood, and 
non-clotting lymph. 

_ If blood is drawn immediately after the injection of only a small 
amount of peptone its clotting power is affected. I injected into the 
jugular of a 86 kilo dog ‘2 gr. peptone (-023 gr. per kilo.) in 4 min. 
Blood was drawn from the crural artery 1, 2, and 5 minutes later; the 
last of these portions formed a weak clot, in the other two it was 
not until after the lapse of 4 hours that a few filaments of fibrin were 
formed on the walls of the vessels. The lymph collected for 14 hours 
after the injection, remained fluid) It is well known that peptone 
added to blood out of the body does not diminish its clotting power. 
I found that if as much as 5°/, is added clotting is prevented. The same 
thing-is observed with lymph. This result-is of very little physiological 
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importance as the addition of many salts to the same extent produces 
a like result. In my work on the fate of peptone, I had repeatedly 
noticed, that in cases of injection into the blood or into the bile duct 
peptone could be detected in the lymph of the rapid clotting stage, 
but not in that of the preceding non-clotting stage. It was quite 
possible however that in the latter too small a quantity to be detected 
might be present. I determined then to see the effect of the addition 
of mere traces of peptone to the lymph out of the body. The first 
experiment was as follows :— 


Lymph from thoracic duct quite clear, no blood. Clots rather mn 
10—15 minutes. 

1°/, peptone in normal salt solution. 

Lymph received into peptone solution as follows and gradually ‘sited by 


gentle shaking. 


1 peptone solution + 2 ¢.c. 

1] ae. a +300 ,, all these clotted rapidly. 
2 c.¢. +#+2ec. ,, 10 minutes. 

0°5 c.c. +35 ec. ,, 

0°2 c.c. +5:lec. ,, fluid. 24 hours. 


In the last portion, 3 hours later some fine flocculi could be seen, and 
2 hours later still these had formed a faint loose network, the next day the 
contents of the tube were however fluid with a few fibrils attached to the 
walls. The amount of peptone in this lymph was 0°0377°/.. 


So striking a result as this I did not obtain again. With such 
traces of peptone in subsequent experiments I could only obtain a 
retardation of the clotting, the clot, however, being always small and 
weak. When rather more than this small amount of peptone is added 
the clotting was as a rule quicker and firmer than normal. The 
difficulty in obtaining constant results depends mainly on the variation 
in the lymph. When a trace of blood is present the effect of the 
peptone is less marked. Differences are also obtained with clear lymph 
and relatively opaque lymph. This is of great importance as in a fasting 
animal the opacity depends largely on the number of leucocytes. 

Clotting can be induced in non-clotting lymph by dilution and 
passage of CO,, or by dilution alone (1 to 2 of water) in the same 
way as with peptone plasma. I have made some observations on the 
proteids of the non-clotting lymph but I can make no definite state- 
ment at present. My experiments show that the clotting power of 
blood and lymph do not vary hand in hand. The formation of lymph 
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is not due to a mere physical diffusion from the blood vessels. When 
peptone is injected into the blood the flow of lymph from the thoracic 
duct is greatly increased. The percentage of proteids in it is also con- 
siderably increased. Heidenhain holds that the formation of lymph 
is due to a true secretory activity of the endothelial cells. With rapid 
injection of peptone into the blood I have observed that, early in the . 
course of the experiment, lymph that was flowing clear and colourless 
from the thoracic duct, becomes cloudy and white, and is followed by 
lymph containing at first a trace only of blood, but gradually becoming ~ 
redder and redder. The white cloudiness is chiefly due to leucocytes, 
not to suspended fat, the subsequent red colour to red corpuscles, not 
to dissolved hzmoglobin. | 

Neumeister’ has observed that after death from large doses of 
peptone, there is hyperemia, and effusion of blood, in the mesentery 
and abdominal organs. 

The endothelial cells of the blood capillaries are so profoundly 
affected by peptone injection that in casting out water and proteids 
with the peptone, they allow not only colourless corpuscles but red 
corpuscles also to escape. Other substances besides peptone, such 
as extract of leech (Haycraft) and extract of muscle of crayfish 
(Heidenhain) which act in the same way on the clotting power of 
blood, act similarly on the — cells, and produce similar results 
in the flow of lymph. 

A continuation of my work is in the direction of learning what 
proteids are removed from the blood by the secretion, and to learn 
more of the function of the endothelial cells, “die lebende Oberflache 
des Blutes,’” by the action of other substances on them. 


Neumeister. Zeitschr. f. Biologie, xxiv. 284. 
* Alex. Schmidt. Intern. Med. Congress. Berlin, 1890. 
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NOTE ON “LEECH-EXTRACT” AND ITS ACTION ON 
BLOOD. By W. L. DICKINSON, MB, MRCP, Gonville 
and Caius College. 


From the Physiological Laboratory, Cambridge, 


It was established by Haycraft’ that a watery extract of the 
anterior part of the medicinal leech has, when mixed with shed blood 
or injected into the circulation, a strong delaying or preventive action 
upon clotting. He found further that this extract may be prepared of 


unimpaired strength from leeches which have been exposed to the action — 


of alcohol long enough to coagulate the ordinary proteids, that it is 
uninjured by boiling, and that it apparently destroys the fibrin-ferment. 
My experiments have been made with a view of isolating the active 
principle of this extract and of studying its action. 

| In the way of its isolation the peculiar difficulty is interposed that 
the glandular structures which are almost certainly the source of the 
secretion in question occur in a scattered unicellular form, and are not 
separable from the other tissues by dissection’. And from the tissues 
of the leech in all regions of the body is derived a proteid of the 
albumose group from which I have failed to distinguish or separate the 
special substance which prevents the clotting of blood. 

The method of obtaining the extract is to cut off the anterior part 
of the animal as far back as the commencement of the crop, place under 
alcohol for not less than several days*, and finally treat with water or 
normal salt solution. Thus obtained, the extract is tinged with pig- 
ment, but if the strength is such that one leech head corresponds to 
5 or 10 ce. of fluid, it is of convenient working power while there is 
not enough pigment present to obscure the chemical reactions. 


1 Proc. Roy. Soc. Vol. xxxvi. 


2 See Bourne, Quar. Journ. Mic, Sci. Vol: xxv. p. 431, for description of glands in 
Hirudo. 


_ 3 No length of exposure to alcohol seems to impair its activity. I have obtained a 
powerful extract from leeches which had lain under alcohol (95 p.c.) for 34 years. 
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LEECH-EXTRACT AND BLOOD. 


General properties of leech-extract. 


It is neutral to litmus-paper. 

Its specific gravity is not appreciably higher than that of the 
medium used for extracting. 
Boiling causes no precipitate. 

Alkalies cause no precipitate. 

A trace of acetic acid causes cloudiness readily soluble in excess. 

Glacial or strong acetic acid cause no precipitate in salt-free, but 
a@ copious cloud in salt-saturated extracts. 

Nitric acid in the cold causes a decided precipitate, soluble on 
boiling and reappearing on cooling. 

(This reaction can always be distinctly recognised, but it is only with 

certain proportions of HNO, that the fluid is perfectly clear on boiling.) 


Saturation with Sodium Chloride or Magnesium Sulphate causes 
no precipitate. 
Saturation with Ammonium Sulphate causes a small precipitate, 
after which practically no proteid remains in solution. 
_ Dialysis of all salts away from the extract causes no —" 
and no loss of power. 


(The dialysate usually contains enough proteid to give a faint xantho- 
proteic reaction on concentration, but has no anti-clotting power.) 


Copper Sulphate, Lead Acetate, and Mercuric Chloride give pre- 
cipitates insoluble in excess of these reagents. 

A pink colour is produced by Copper Sulphate and caustic soda 
(biuret), best seen when a considerable depth of fluid is employed. _ 

It will be seen from these reactions that leech-extract contains a 
proteid with some features in common with Kiihne’s proto- and others 
with deutero-albumose. I have not found any chemical difference in 
extracts of the anterior active and hinder inactive parts of the leech, 
but the amount of albimose (as judged by the ppt. with HNO, in 
comparative extracts of equal weighed quantities of the anterior and 
posterior parts respectively) is somewhat greater in the former than 
in the latter. 

The precipitate caused by saturation with (NH,),SO, carries with 
it the whole of the active principle, and partial saturation, e.g. with 
20 p.c. (NH,),SO, precipitates some of the albumose and a a Propereane 
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In one experiment saturation was three times carried out; the ppt. 


being each time collected on a filter, washed in saturated solution of (NH,), 


SO,, and redissolved in distilled water: the solution of the ppt. from the 
third saturation retained its original power, while the filtrates after apodialysis 
of salt and concentration, possessed no anti-clotting power whatever. 

It is evident therefore that ordinary means do not suffice to dis- 
tinguish between the active principle and the proteid; and from the 
fact that the anterior part of the leech is relatively rich in albumose 
it is probable that the active principle is itself a substance of this 
nature, rather than merely difficult to separate therefrom. 


Characters of plasma prevented. from clotting by leech-eatract. 


Leech-extract is equally efficacious whether injected into the circu- 
lation or mixed with the blood as it flows from the vessels. Successive 
injections have a constant effect—i.e. if, a short time after the blood 


of an animal injected with the leech-extract has regained the power of 


natural clotting, a second or third injection be made, the power of 
clotting is again lost as at first. In both these respects a contrast is 
presented to the action of “ peptone.” 

Blood of the rabbit, cat, sheep, dog, ox, horse, and of man kept fluid 
by leech-extract displays the same general characters. The haemo- 
globin is as a rule undissolved, and the corpuscles subside leaving a 
clear plasma. If the proportion of extract is insufficient to preserve 
permanent fluidity a clot commences in the corpuscular sediment and 
gradually extends. The fibrin thus formed is of normal quality, i.e. 
not soluble with appreciable rapidity in 5 p.c. solution of NaCl nor 
in very dilute alkali. 

Clotting cannot be induced by CO,, nor by neutralisation with 
dilute acetic acid. 

Dilution of the clear plasma to any extent is without effect, but 
dilution with distilled water of a plasma from which the corpuscles 
have not been removed will sometimes provoke slow clotting. 

Clotting can always be induced by fibrin-ferment in sufficient 
quantity (5 pc. NaCl extract of fibrin). 

The fibrinogen is unaffected. Heat-coagulation occurs readily at 
the ordinary temperature of 56°C.; and the substance can be precipi- 
tated in the usual manner by half-saturation with NaCl. The precipi- 
tate thus obtained is very copious, more so than is the case in MgSO,- 
plasma; and after one precipitation the fibrinogen when redissolved 
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has no tendency to clot spontaneously but can be readily made to clot 
with a small amount of added ferment—after a second precipitation 
it clots with a mere trace of ferment. 

Horse’s blood needs a very small admixture of leech-extract to keep 
it fluid—about in the proportion of one leech head to 100 c.c. of blood’. 

By freezing or prolonged cooling I have not been able to obtain the 
precipitate of discoid bodies to which Wooldridge gave the name 
of Fibrinogen-A: leech-extract—plasma remains under these conditions 
perfectly clear. 


Haycraft found that fibrin which had been soaked in leech-extract 
failed to yield ferment when subsequently treated with 8 pc. NaCl 
solution, and concluded that the ferment had been destroyed. I have 
repeated Haycraft’s experiment with nearly the same result. 


EXPERIMENT. Fresh washed fibrin was divided into two equal parts by 
weight, the one being placed for 12 hours in a strong leech-extract made with 
distilled water, the other in a similar quantity of distilled water. Each was 
then dried between blotting-paper and thoroughly washed in a large quantity 
of distilled water many times changed. Upon now treating the two masses 
of fibrin with equal quantities of 5 p.c. NaCl solution it was found that that 
which had been soaked in leech-extract yielded a mere trace of ferment power, 
whereas from the other was obtained a ferment solution of great strength. 

10 c.c. dilute plasma were placed in each of two tubes. 

A +10 drops salt-extract of fibrin soaked in leech-extract 

¢lotted feebly in 18 hours, 

B+ 10 drops saltextract of fibrin soaked in distilled water 

clotted firmly in 3 minutes. 


Another method employed of testing the destructive action upon 
fibrin-ferment was to mix together solutions of known strength. I 
found that if such proportions of leech-extract and fibrin-ferment, as 
would when added simultaneously to dilute plasma allow clotting to 
take place slowly, were previously mixed together for some time, the 


delay in clotting was always much greater. 


_ Experiment. 4 c.c. leech-extract were mixed with 40 c.c. solution of 
fibrin-ferment and placed in a water-bath at 38° O. for an hour. 


1 Thus it seems that when it is desired to isolate fibrinogen or to preserve the blood 
fluid for other purposes, the employment of leech-extract is more advantageous than the 
older methods. 
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' 10 c.c. dilute plasma were placed in each of two tubes. 
A + one drop leech-ext. + 10 drops sol. of fib.-fer. not previously mixed 
began to clot in sisis minutes. 
B+11 drope of the mixture 
Vee a was still fluid after 5 hours. 


When a strong solution of fibrin-ferment made by extracting fresh 
fibrin with a suitable strength of neutral salt has been subjected to the 
action of a sufficient quantity of leech-extract, it is not possible, as 
ordinarily, to precipitate the ferment in an active condition by means 
of saturation with MgSo,. 


(In a salt-extract of fibrin the ferment is dents associated with the 
dissolved globulin, and both ferment and globulin are completely precipitable 
by saturation with MgSO, : the active principle of leech-extract, on the other 
hand, is not precipitable by this salt.) 


From a mixture of extract of fibrin and leech-extract the globulin 
may be precipitated in the usual way, but the precipitate is devoid 
of ferment-power, thus affording a further proof that the ferment has 
actually suffered destruction. 


EXPERIMENT. 200 c.c. 5 p.c. MgSO, extract of fresh washed fibrin were 
mixed with 20 c.c. leech-extract, and placed for half-an-hour in a water-bath 
at 38° C. 

A control was supplied by a similar mixture in which the leech-extract 
was replaced by water. 

The mixture was then saturated with MgSO.,, the precipitate collected on 
a filter, washed in saturated solution of MgSO,, and redissolved in distilled 
water. This process was performed three times—the control being similarly 
treated. The solutions were ultimately freed from excess of salt by dialysis 
and their ferment-power was tested. 

Horse’s MgSO,-plasma. 

A. diluted 10 times with solution of ppt. from control mixture 
clotted in 40 minutes. 

B. diluted 10 times with sol. of ppt. from mixture containing leech-extract 

failed to clot in 24 hours. 


Although this solution had no ferment-power, it contained a con- 
siderable quantity of a globulin which resembled that described by 
Halliburton as cell-globulin 8 and considered by him to be identical 
with the fibrin-ferment’. It coagulated at 75°—80°C., and when 


1 This Journal, Vol, 1x 
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treated with NaCl to the extent of 10 per cent. its coagulation-point 
was lowered to 60—65° C. 

If then it is possible to destroy the fibrino-plastic power of cell- 
globulin by means of leech-extract and subsequently to separate it in 
an apparently unchanged condition, a strong argument is afforded for 
the non-identity of the ferment and the proteid. Upon this consider- 
ation it seemed desirable to repeat the last experiment with a solution 
of cell-globulin prepared according to Halliburton’s directions. 


Experiment. A quantity of lymphoid tissue was extracted with +, 
saturated solution of sodium sulphate, and a fairly pure solution of cell- 
globulin thus obtained. The fluid was slightly viscid, probably from the 
presence of some nucleo-albumin, and hence NaCl was chosen as the = 
tant instead of MgSO. 

200 c.c. of this fluid were mixed with 10 c.c. leech-extract and placed in a 
water-bath at 40°C. for half-an-hour. The mixture was then saturated with 
NaCl, the ppt. collected, washed, redissolved and freed from excess of salt by 
dialysis—a control mixture being similarly treated. This solution contained 
traces of a globulin which opalesced at 50-—55° C., and larger quantities of cell- 
globulin 8 which coagulated at 80°C. When to a portion of the solution 10 
per cent. NaCl was added the coagulation-point of the latter globulin w was 
about 65°O, 


Horse’s MgSO,-plasma. 
A. diluted 10 times with solution of sis from control mixture 
clotted in 2 hours 15 minutes. 
B. diluted 10 times with sol. of ppt. from mixture containing leech-extract 
failed to clot in 48 hours. 


It may be objected to the above experiment that a sinala precipi- 
tation of the globulin was not enough to ensure the complete absence of 
the active principle of leech-extract, and that the failure to cause 
clotting may have been due to contamination with the latter; but to 
this it may be answered that the quantity of leech-extract employed 
was a minimal one, and it is in the highest degree improbable that 
enough was mechanically carried down with the precipitate to materi- 
ally influence its action. 

Hence there seems to be ground for concluding that cell-globulin 
may be deprived of fibrino-plastic power without alteration in its 
physico-chemical qualities. 
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Interature of Leech-eatract. 
Haycraft. ‘“ Action of a Secretion from the Medicinal Leech.” Proc. Roy. 
Soc. Vol. xxxvi. and Archiv fiir Hap. Path. und Pharm. Bd. xvi. 


Bohr. ‘Ueber die Respiration nach Injection von Pepton und Blutegelin- 
fus etc.” Centralblatt fiir Physiologie, Bd. 1. 8. 261. Sept. 1, 1888. 


Hankin. “ Leech-extract does not destroy the bacteria-killing er of 
cell-globulin.” Brit. Med. Journ. July 12, 1890. 
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ON THE ACTION OF NICOTIN UPON CERTAIN IN- 
VERTEBRATES. By M. GREENWOOD, Lecturer of Newn- 
ham and Girton Colleges, Cambridge. 


(From the Physiological Laboratory, Cambridge.) 


It is perhaps one of the most striking results of recent work on the 
physiological action of nicotin that this action must be regarded not 
only as that of a poison, which among nervous structures, differentiates 
nerve fibres from nerve cells, but as selective in effecting paralysis where _ 
nerve cells only are concerned. Distinct evidence of such selective 
action is furnished by the experiments of Langley and Dickinson’ 
on the superior cervical ganglion of the dog, cat and rabbit, and 
Langley’s® observations on the lasting partial paralysis of a crayfish 
poisoned with nicotin support the earlier conclusions. But if in the 
mammal, nicotin has “an unequal paralysing action upon the nerve cells 
_ of the superior cervical ganglion®,” and if it is “ probable that in each 
ganglion [of the crayfish] there is a part which is paralysed by nicotin 
and a part that is only slightly affected‘*” may it not be supposed that 
a series of animals chosen because the members show graduated nervous 
differentiation will give an interesting serial response to the application 
of this poison? In the attempt to answer this question I made some 
observations on certain invertebrates, and the results of the observations 
are embodied in the following notes. 

Among the animals investigated are simple forms in which all 
distinct differentiation of nervous system is absent, and types in which 
with general complexity of structure there is also relatively elaborate 
nervous machinery, but the series which they form, is, from various _ 
causes, broken and irregular. I propose to take each member of the 
series in turn and to consider its reaction to nicotin, endeavouring, by 


1 J. N. Langley and W. Lee Dickinson. Pro. Roy. Soc. Vol. xuvu. 1890, p. 379. 
2 J.N. Langley.* Pro. Camb. Phil. Soc. Vol. vm. Pt. 1. 1890. 

3 J. N. Langley and W. Lee Dickinson. Loc. cit. 

*J.N. Langley. Loe. cit. | 
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study of the change in those functions which have most obvious external 
expression, to estimate the underlying nervous disturbance. Before 
entering on this detailed examination, however, it seems needful to 
make a brief prefatory statement of the conditions of experiment and 
the methods which I followed. For some of the animals of which I 
have to speak (Amoeba, Actinosphaerium, Hydra, Lumbricus) are so 
familiar in other connections that their normal aspect is a comparatively 
known standard by which to estimate the extent of experimental lesion. 
But others (and upon these most of the observations were made) 
are simple marine organisms’, and to say of these that their physiology, 
except in its broad outlines, is unknown, is hardly to exceed the truth. 
Such forms were kept in constantly running water and sometimes, 
after poisoning, in water renewed at intervals and traversed by a 
vigorous stream of compressed air. They were placed for varying 
lengths of time in nicotin solutions of ‘001°/,, 01°/, °05°/, or ‘1°/,*, and 
subcutaneous injections of nicotin 1°/, or nicotin sulphate 1°/, were 
given to very resistant specimens. Since, during its stay in nicotin 
solution each animal was surrounded by what might be regarded as a 
mischievously small volume of fluid, an unhurt animal always sojourned ~ 
for a like time in a like volume of sea water’, and the two were placed 
under similar conditions when the period of poisoning was over. In- 
jection experiments were controlled by parallel injection of salt solution, 
sea water, or some harmless fluid, like an aqueous solution of methylene 
blue. 

Reviewing now all the experiments that were made, I think it is 
justifiable to say that the effect of the poison upon any healthy animal 
is largely determined by the nervous development characteristic of its 
class but that minor peculiarities of organisation cannot be neglected. 
Thus it is possible to state that certain effects mark the action of 
nicotin on any group, but also necessary to add that in such a group 
different types may be led to react variously or at least to give different 
external symptoms of lesion by specific peculiarities of structure. 
The Amoeba may I think be regarded as the simplest form to which I 
have applied nicotin, while the cephalopod, Sepiola atlantica, marks the 
upper limit of structural complexity. These two animals differ pro- 


The observations on marine forms were made atthe Laboratory ofthe Marine Biol 
Assoc. Plymouth. 

* In the stronger solutions nicotin was present as tartrate, or sulphate. 

3100 or 200 c.c. uid each of the larger They were, with rare 
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foundly in their behaviour, and types which stand between them do 
indeed, according as they are more or less simple, show increasing 
susceptibility; but the rising curve of sensitiveness is not unbroken, 
unexpected resistance sometimes going with massive structure while 
ready response to the presence of nicotin as to all change of environment 
marks forms which show special structural mobility. 

I mention these irregularities here because when they are once 
expected, it becomes easy to arrange the types of which I have to speak 
in two groups, the first group including the Protozoa and Coelenterata, 
while members of the Echinodermata, Oligochaeta, Crustacea, Mollusca 
make up the second. 


A. 


- Nicotin can hardly be said to have a poisonous action 
_ proper to itself. In the simplest animals the transient dis- 
turbance of function which a weak solution produces and 
the death which may take place after a sufficiently strong 
dose can be brought about by other reagents; in the higher 
forms lesion becomes more localized and is less evidently a 
simple interference with general well-being, and selective 
action is indicated dimly. Throughout the group, life for 
some time is possible in very weak solutions, and even after 
the application of large doses of poison there is apparent 
recovery. 
PROTOZOA, 
Amoeba proteus. : : 
Characteristic movements. In a recent classification of Amoebae 
Gruber’ lays some stress on the varying consistency of the protoplasm of 
different forms. Fluidity and viscidity,of substance, he says, are specific 
characters and determine the manner of progression of the species to 
which they belong. While acknowledging however that the extent and 
fashion of locomotion are points of classificatory value, I must add that 
the movements of any individual change definitely with change in its 
surroundings. The Amoeba I have watched with most care is Amoeba 
proteus (Leidy)*, and when this animal is placed in conditions which 
are favourable, its pseudopodia are many, and often divergent, and they 


1A.Gruber. Zeit. f. Wiss. Zool. Bd. xu. 
2 J. Leidy. Fresh-water Rhizopods of N. America. 
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spring in more than one plane, In effecting locomotion each pseudo- 
podium is bluntly finger-shaped and the endosare or granular internal 
substance does not keep pace with the advancing hyaline ectosarc’. 
When an Amoeba dies under the action of potash or of salt solution it 
suffers disintegration, losing all clear outline; when death follows lack 
of oxygen, or is due to heat rigor, the animal is spherical with sharp 
contour, while by quick freezing it may be killed in extension*®, But 
between these extreme conditions there are definite stages significant of 
departure from healthy habit. An early stage is marked by the emission 
of pseudopodia in what may perhaps be called an explosive manner, 
the crystals and granules of the endosare bursting quite up to the 
external rim of moving substance; later, the processes decrease in 
number until the Amoeba creeps in one straight line often carrying 
the contractile vacuole anteriorly. At this point the hind end is 
marked off faintly or clearly from the main body by absence of dis- 
tinguishable ectosarc, or by formation of tiny rounded or peg-like 
projections which recall the villous appendage regarded by Wallich*® 
as characteristic of Amoeba villosa. Finally the movements of the 
endosare instead of co-existing with progression become rotatory in type, 
that is to say, that there is internal circling of granules, crystals, and 
other contents, without locomotion. , 

It seems probable that certain other functional disturbances of the 
Amoeba must be placed in contrast with these. In a paper in which 
he describes the action of the constant current on various Protozoa, 
Verworn* mentions the fact that with some strengths of current 
Pelomyxa shows rupture and local disintegration at that point of its 
circumference which is turned towards the anode, while during severe 
lesion and shortly before the death of the animal bladder-like proto- 
plasmic projections spring from the opposite point. I have often seen 
Amoeba cut off hyaline protoplasmic spheres, or spheres holding crystals 
_ and granules under the action of an interrupted current, and a similar 
disturbance is effected by an aqueous solution of thymol and possibly by 
cocaine. Now since the severity of the lesion which is expressed by this 
discharge of substance is undoubted, it may be thought that the reaction 
should not be contrasted with the series of changes which I have 

1 The justice of any distinction into ectosarc and endosarc has been questioned as well 
by recent as by earlier writers. I use the terms here because they call up definite and 
familiar microscopic appearances, 

* 'W. Kiihne. Unters, diber d. Protoplasma. 1864, 


*G.C, Wallich. Ann, Mag. Nat. Hist. 1863. 
* Max Verworn. Pfliiger’s dreh, Vol. xuv. 
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described above, but should be regarded rather as a last stage in 
disturbance, unique only because it is produced so hurriedly. But 
since it would appear that life and movement may go on after the 
discharge of substance, and that by no intensification can some external 
conditions be made to provoke this discharge, I think the contrast may 
be maintained with some reason, and that we may speak of general 
interference with well being on the one hand and on the other, of 
stimulative disturbance which, carried far enough, is destructive. 

Action of nicotin. The distinction has especial interest here because 
_ nicotin cannot be regarded as actively stimulating. In a solution of 
nicotin tartrate as strong as 1 p.c., an Amoeba will move for two or 
three hours. At the end of fifteen or thirty minutes there is modifi- 
cation of movement; the animal becomes temporarily one large pseudo- 
podium and creeps explosively without bringing about marked ¢hange 
of place. Weaker solutions, such as ‘25 p.c. or ‘l p.c. are fatal, but 
slowly, even when, by suitable neutralization of the alkaloid the per- 
centage of nicotin is made not only nominal but actual, and in a 
‘01 p.c. solution which is definitely poisonous for a cephalopod or a 
crustacean in half-an-hour, an Amoeba will live over night. Speedy 
death under the action of nicotin is only to be observed here when 
a solution of nicotin tartrate holding thymol or a simple solution of 
the alkaloid is used; in both cases I think the effect is to be attributed 
to the substance present other than nicotin’, for thymol and dilute 
alkali are actively injurious when applied alone. 

If, leaving the question of locomotion, we turn to consider that 
rudimentary machinery by which the Amoeba carries on other physio- 
logical processes we find that nicotin is neither clearly stimulative nor 
immediately paralysing. The contractile vacuole always acts slowly in 
Amoeba, but I have not noticed in a poisoned animal any especially 
energetic discharge or (although about this point I am less certain) 
any accumulation or enlargement of vacuoles; the ingesta, which may 
be many, lie in their digestive vacuoles or.in temporary contact with 
the Amoeba’s substance as before poisoning, and no marked addition of 
fluid gathers round them. Further there is not increased expulsion 
even of indigestible matter; the power of ejection is not lost 
however at least in the early stages of poisoning, for during these 
stages I have seen that rare discharge which may be seen at any 
indeterminate time. I think this persistent retention of ingesta under 

1 Solutions of the alkaloid itself are however much stronger of course than.nominally 
corresponding solutions of its salts. 
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conditions unfavourable to healthy life is not a little striking; even on 
the application of a strong electrical stimulus or in the presence of a 
body as fatal as is thymol it appears that actual separation of substance 
is a readier response to disturbance than is ejection of foreign matter. 
Kiihne' indeed describes discharge of ingested filaments from an — 
Amoeba in some stages of electrical stimulation but he implies that 
mechanical inconvenience might be the cause of exit, the Amoeba, when 
spherical, being unfitted for holding a comparatively rigid rod. He says 
too that viscid granular substance accompanied the filament, from which 
I gather that the expulsion was not a normal ejection but was bound up 
with actual loss of the protoplasm of the Amoeba. 

It would seem then that the action of nicotin must be looked upon 
not as selective here*, not even as certainly stimulative, but as adverse 
to continued life. Now since simple confinement does not of necessity 
_ bring with it any speedy diminution of movement or of general vigour’ 
this harmful action of nicotin probably justifies the use of the term 
poison; at the same time I think it is desirable to mention, as bearing 
on this point; control experiments which I made with other alkaloids 
and with certain inorganic salts. 

It is probable that at a certain point of concentration a solution of 
any salt causes death, but this point varies much in different cases. 
Caustic potash, as is well known, is most destructive, any continued life 
being impossible in a solution much stronger than 001 p.c., while 
magnesium sulphate, the least hurtful of the salts I have tried, is not 
fatal at once even in a 2 p.c. solution. Sodium chloride 1 p.c. kills as 
quickly as a 1 pc. solution of nicotin tartrate, but the use of weaker 
solutions makes clear a difference in action, thus life for thirty-six hours 
is possible ina ‘1 p.c, solution of sodium chloride while a like strength of 
nicotin tartrate kills in the same time. It may be noted in this con- 
nection that Kiihne has observed the sensitiveness of the Amoeba to 
the concentration of the fluid surrounding it; he describes injury of 
fresh water Amoebae by sodium chloride, and the correspondingly 
injurious effect of fresh water on marine forms‘. As inorganic. salts 


1 W. Kiihne. Op. Cit. (I haveseen ejection of foreign matter follow treatment with 
pilocarpin, but have not enough data to make a general statement possible.) 

* I think the behaviour of the nucleus demands careful study and, possibly, some 
discussion, 

* I have at different times watched Amoebae for days without noting the onset of 
marked abnormality. | 

4 The contrast between the action of sodium chloride and that of magnesium sulphate 
may be determined to some extent by this susceptibility to changes in concentration, for 
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vary in rapidity and extent of action, so too the alkaloids show differ- 
ences among themselves; the Amoeba is poisoned more readily by 
veratrin and by cocaine than by nicotin, and is killed very easily by 
thymol. 

After effect. There is also variation in the mode of death; I have 
given the broad differences above but minor modifications of the main 
types exist. The swelling and disintegration which follow caustic potash 
are unmistakeable; disintegration is brought about too by sodium 
chloride, but here there is solution of some part of the substance rather 
than swelling, and a weak salt solution leaves the Amoeba a granular, 
shrunken mass. The emission of enormous hyaline vesicles with defined 
boundaries marks the action of thymol, while in death by nicotin tartrate 
the animal contracts to a fairly regular sphere. The differences between 
this and the permanent sphere which indicates death from accidental 
malnutrition are slight, but nicotin kills in such fashion that the proteids 
of the Amoeba’s substance coagulate speedily; thus it may be distin-— 
guished from veratrin which, according to Kiihne, kills, producing very 
slight opacity. 

But it will be gathered from what I have ssid above, that speedy 
death is on the whole, the rare after effect of nicotin. After a stay of 
thirty-six hours in a ‘01 p.c. solution of nicotin tartrate, life may go on for 
at least two days, and the harmful effects of treatment with ‘025 p.c., 
‘05 p.c. or even ‘1 p.c. solutions for some hours, can sometimes be done 
away with by the action of water, even when an alkaline solution of 
nicotin is used, or when thymol is present and distinctly harmful 
actions are thus added to that proper to the alkaloid. I have poisoned 
an Amoeba for one and a half hours on two following days, and have 
afterwards watched it through a fortnight of apparently vigorous life. 
A few days after the treatment with nicotin, ingestion of food was 
seen, and this enclosure never, I think, performed when the movements 
are circling or in one straight line, is perhaps the most coordinate and 
purposeful among the acts of the Amoeba. 

Though speedy death is rare, however, distinct lesion once produced 
may linger; the animal then lives, but with feeble circling movements, 
or it dies very slowly. But I think that a death occurring two or three 
days after stay in nicotin cannot in many cases be attributed to the per- » 
sistent action of that poison, for while life in captivity is possible, even 


the mass of these salts is clearly unlike in solutions of the same strength. But it seems 
probable that the character of the molecules as well as their number must be taken into 
account. 
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for weeks, anyone who has watched the acre knows that much more 
rapid death is common. 


Actinosphaerium Eichornii. 


I have dwelt long—it may seem at undue length—upon the behaviour 
of Amoeba because it is a familiar example of protoplasm which hardly 
exhibits permanent differentiation and because its resistance to the | 
action of alkaloids has therefore some interest’. But this detailed 
examination makes it possible to deal quite briefly with the effect of 
nicotin on Actinosphaerium, for the visible differences which exist are 
due, I believe, mainly to structural peculiarities which characterize the 
two animals, Thus Actinosphaerium is relatively immobile, its sub- 
stance is broken up into thin plates by vacuoles, its pseudopodia are 
_ slender prolongations of protoplasm ; and, bound up with these features, 
there is lessened resistance to the action of reagents. A stay of five 
minutes in 1 p.c. nicotin tartrate kills a healthy Actinosphaerium, and 
in a ‘l p.c. solution there is lesion in an hour and death at any rate at 
the fifth hour. If a drop of strong nicotin tartrate is added to water in 
which an Actinosphaerium is lying under no pressure the pseudopodia — 
of the animal are affected by the alkaloid as the fluids mix. They 
contract, but do not form those axial threads, with varicose surroundings, 
which are described by Max Schultze* and Kiihne’ as following on — 
some forms of stimulation ; rather their substance becomes dark through- 
out, and they shrivel into little spheres which are cut off from the main 
body, and, if water be substituted for nicotin, they are during recovery 
replaced by fresh pseudopodia. This local opacity which is to be 
associated with the early action of nicotin is quite in harmony with 
the appearance of Actinosphaerium after death under a strong solution. 
In this case the pseudopodia are gone and the substance of the animal 
has a firm outline and is very opaque; it is so tough that crushing or 
teasing becomes difficult. And from a comparison of the two conditions 
it appears probable that the effect upon the pseudopodia should hardly 
be called stimulative but should rather be regarded as local death 
resembling that general death which follows general action. Its onset 


1 This insensitiveness on the part of the Amoeba is quite in harmony with certain 
other records of the behaviour of some simple plants and animals under the action of 
weak solutions of neutral salts of arsenic. Loew (Pfliiger’s Archiv, Bd, xxxu1.) speaks of this 

in a brief note, stating that spirogyra and infusoria lived for days in a ‘1 p.c. solution, 


? Max Schultze. Das Protoplasma. 
W.Kithne. Op. cit. 
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is quick, mainly because the pseudopodia offer a relatively small bulk of 
unprotected substance, and in like manner the honeycombed body of 
Actinosphaerium is not capable of any such massive resistance as is the 
simpler Amoeba and strong solutions of alkaloids are fatal rapidly. 
This difference is recalled by the increased rate of action of some 
inorganic salts. Magnesium sulphate is again singularly harmless, and 
I have even seen ingestion attempted with 1 p.c. solution of this fluid as 
environment, but sodium chloride 1 p.c. brings about death, almost at 
once. Here as in Amoeba. there is partial solution with accompanying 
disintegration, and thus, though as quick in onset, the death offers strong 
contrast to death by nicotin. And here, too, dilution establishes the 
more truly poisonous action of the alkaloid ; Actinosphaerium will live 
for two or three days in a ‘1 p.c. solution of sodium chloride, but I have 
never seen life for more than five hours in nicotin tartrate of a similar 
strength’. | 

I have been encouraged to attribute this markedly injurious effect of 
nicotin at least in part to the structural peculiarities of Actinosphaerium 
by the fact that certain other characteristic reactions have had a like 
association. It has for example been noticed’ that in place of a shifting 
digestive vacuole such as moves in the body of the Amoeba it is the 
bars of substance holding the vacuole which thicken here, become 
granular and finally dwindle. Further, the vacuole of excretion is 
present, I think, without exception, and is probably a mechanical aid to 
the act of ejection from an immobile body. And finally, a comparatively — 
common discharge of substance represents here the vesicles cut off from 
Amoeba on very strong stimulation. Verworn’ implies that shocks — 
which only produce change of movement in Amoeba are marked in 
Actinosphaerium by granular disintegration on the anodic side, and I 
gather that he found intermediate susceptibility in Pelomyxa which, 
resembling Amoeba in so many ways, is increasedly lethargic. .I have 
often seen the extrusion of granular substance from Actinosphaerium 
on the application of certain reagents, and rupture of the “cells” of the 
peripheral honeycomb, a familiar sight during the action of an inter- 
rupted current, is recorded by Kiihne as following the passage of 
induction shocks. 

I must add that the ejection of ingesta is apparently as little hurried 


1 And this notwithstanding the fact that in solutions of a like percentage composition 
the nicotin tartrate is much less concentrated than is the sodium chloride. 

2M. Greenwood. This Journal. 1887. 

* Max Verworn. Op. cit. and Pfliiger’s Arch. xiv1. 1889. 
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by nicotin in Actinosphaerium as in Amoeba; adequate teasing of the 
opaque mass to which the animal is reduced after death shows all the 
foreign matter that was present when watching began. 


COELENTERATA. 

Hydra fusca. 

The normal animal. The definite affection of one function by : 
nicotin while others go on untouched is then, I believe, not to be traced 
in Amoeba or Actinosphaerium and in the simpler Coelenterates, at any- 
rate there is but little indication of selective poisoning. But in making 
this statement it must not be forgotten (if we take Hydra as a simple, 
typical form) that mere watching of the animal gives an incomplete idea 
of the performance of all the processes which make up its life. For 
what can be seen is briefly as follows. A healthy and undisturbed 
Hydra is always attached by its basal sucker; at intervals it ingests food 
caught by the tentacles, and enclosed gradually by later, coordinated 
movements of the lip-like oral cone. Movement within a certain, not 
very wide range, is possible; thus there may be extension or retraction 
of the tentacles, the body, or the paler, cylindrical foot. The extreme 
of retraction—a combination of the three actions—leaves the Hydra 
minute and globular save for tiny tentacular papillae, but since retrac- 
tion of gne part of the animal may coexist with neighbouring local 
relaxation it is clear that, besides general extension, there may be 
many variations from the simple globular shape. Finally while the 
change of form cannot be termed rhythmic yet there is apparently 
spontaneous contraction or expansion at irregular intervals. External 
stimuli ordinarily produce contraction. 

Action of nicotin. When nicotin tartrate is applied in a solution as 
weak as ‘01 p.c. it is without obvious effect, that is, the ordinary irregular 
movements of the Hydra go on and as usual contraction follows 
stimulation. 

In a stronger solution ‘05 p.c. life is possible overnight, the animal 
being at the end of that time semi-contracted and irritable. Soon after 
contact with the fluid there is extension upon which stimuli have no 
effect; but the condition is phasic and after half-an-hour the extension 
passes off and reflex action can be observed once more’. This temporary 

1 This habituation to an unusual environment recalls statements made by Kiihne and 
Verworn, who noticed that Amoeba and Actinosphaerium may become accustomed to, 
and disregard weak electrical stimuli. I have found that on contact with a fresh fluid the 


Amoeba often paused in — but without ranma and that — loco- 
motion went on again. ; 
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paralysis is not manifested simultaneously throughout the whole Hydra ; 
“thus after the tentacles react no longer the body may, on stimulation, 
contract slowly with long latent period, and speedy relaxation. And I 
have thought that there may be a stage, easily overlooked, in the 
development of paralysis when stimuli bring about further elongation. 

In more concentrated nicotin complete extension does not take 
place; in ‘1 p.c. the body looks shrunken at least after prolonged treat- 
ment, and the tentacles are opaque and crumpled distally. °5 p.c. nicotin 
tartrate is fatal, as well alone as when its action succeeds that of a 
weaker solution. 

Except when applied in concentrated form nicotin does not disturb 
attachment, and a Hydra loosened artificially during treatment seems 
to cling to the needle which has displaced it. Since the mechanism of — 
attachment is unknown no dogmatic statement can be made about the 
mode of action here; I may just recall the fact that there is glandular 
modification of the cells of the sucker, and suggest that should any 
viscid fluid be concerned in fixing the Hydra, nicotin, at any rate in 
weaker solutions, may provoke its secretion. 

The act of ingestion I have not seen carried through in solutions of 
the poison, but then its occurrence at all under watching is comparatively 
rare. And when an animal containing food is placed in nicotin the 
enclosed matter is not rejected, nor do the pseudopodia negessarily 
relinquish prey that they have grasped before treatment began. 

After action of nicotin. It seems needful then to regard the lesion 
produced by nicotin as, in the main, diffuse, and bound up with this we 
find that up to a certain point there is ready recovery. I have mentioned 
the possibility of life overnight in a ‘05 p.c. solution and may add that a 
Hydra, treated in this fashion, is not always to be distinguished after 
twelve hours in water from one that has not been poisoned. Recovery 
from a shorter stay in nicotin tartrate ‘1 p.c. is also possible, the only 
striking after effect being accentuation of that partial contraction which 
sometimes marks the unhurt animal, and which may be observed also — 
during the early stages of poisoning. The body, for example, tends to 
be more contractile than either the tentacles or the foot, so that after 
nicotin the foot may be especially evident; the tentacles are stellate 
and widely divergent and it is difficult on stimulation to produce that 
minutely globular form common enough in the unhurt animal. All 
profound lesion here, is, I believe, associated with injury of tissue. 
Thus in death by strong solutions of nicotin the tentacles break up 
readily.or discharge part of their substance, the -outline of the body is 
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ill defined, and the cells tend to come apart on pressure as after 
maceration. 


Hydroids. 


I made some experiments on species of Eudendrium and other 
hydroids, but colonial forms seem especially unsuitable for study of the 
action of a poison. For division of the branched hydrosome which acts 
as a common base is a lesion which may allow temporary recovery of 
irritability but not I think continued healthy life; and yet such 
treatment is necessary before the individual polypes can be observed. 
Thus no trustworthy conclusions can be drawn without comparison 
of the effect of section alone on the one hand with that of section and 
nicotin together on the other. After section of the hydrosome then, the 
tentacles of each polype are found slightly flexed and meeting over the 
mouth. This flexion would appear to be the result of shock, for after 
perhaps half-an-hour there is re-opening to what seems to be the 
normal, resting position of extension. Mechanical stimulation of the 
oral surface excites a snapping movement of flexion with quick re- 
extension, and the same movements are carried out sometimes without 
obvious external disturbance. 

Action of nicotin. When nicotin is applied to a separated branch 
of the colony, a solution of 001 is practically without action ; stronger 
solutions effect some paralysis in half-an-hour, the polypes extending or 
even reflexing their tentacles, while in ‘1 p.c. nicotin there is death, with 
tentacles crumpled rather irregularly. 

After action. If the nicotin used has not been stronger than ‘01 p.c. 
to ‘05 p.c. the power of reflex response to stimulation is regained in the 
course of one or two hours, and a like recovery may take place after 
brief treatment with concentrated solutions. Death when it occurs is 
accompanied by marked tendency to disintegration and development of 
opacity, and on the whole, the behaviour affords a parallel to that of 
Hydra, Small differences in susceptibility there certainly are, but they 
probably find explanation in needful dissimilarity in the conditions of 
experiment; thus in Hydra a primarily intact organism is studied, an 
animal which may live in confinement even for weeks, while the branch 
of a hydroid is but mutilated, and, unpoisoned, rarely lives for two 
days. 


Medusae. Ephyrae of Aurelia aurita. ; 


Normal animal. When I was working at Plymouth, with the 
exception of a few small Craspedomedusae to which I shall refer later, 
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medusae were not to be had; I used the small discoidal medusoids 
(ephyrae) which spring by fission from the scyphistoma of Aurelia 
aurita and by increase in size and modification in structure grow 
gradually into the adult form. These are unfortunately so small that 
they are useless for injection experiments or for the localized poisoning 
after hemisection, which Romanes’ describes in Staurophora (medusa), 
but they have when healthy very characteristic rhythmic movements. 
In the resting position the aboral surface of an ephyra is convex with a 
slight polar depression; in systole the eight lobes of the disc inflex 
round the manubrium, and diastole follows after a hardly appreciable 
pause. The rate of rhythm is perhaps 110 per minute, and in a vigorous 
animal breaks in the rhythm are rare and difficult of detection. During 
prolonged confinement some changes appear; the rate of rhythm slows, 
intermittence is introduced (that is, the beats become grouped), and in 
full diastole the disc tends to be flattened, the aboral polar — 
developing into concavity on the aboral side. 

Action of nicotin. A very weak solution of nicotin (‘01°/.) may not 
stop the beat of an ephyra but the rate is slowed, for example from 100 
to 20 per minute. With stronger solutions (‘05 p.c.) intermittence and 
irregularity become marked and in less than half-an-hour there is 
quiescence. The position of quiescence is generally that of close 
inflexion, but once or twice I have seen paralysis of an extended 
form; in this case the ephyra looks small and shrunken, and the 
method of poisoning has been graduated increase of nicotin in an 
originally weak solution. When quiescence is but just established 
or when intermittence has become marked, stimuli, such as pricking 
or stroking, give rise to movement; at first I think a series of beats 
follows such stimulus, later perhaps one beat results (the quiescent 
position being that of aboral concavity), and the last indication of reflex 
response is closer inflexion. During the earlier stages of poisoning the 
stimulus is potent when applied to any of the eight lobes of the disc; 
_ later, it seems probable that the response is more local,—thus one bifid 
lobe may inflex on gentle touching, and the whole disc is affected only 
when two or three lobes are disturbed in rapid succession, or (and this 
is the most certain method of ensuring general contraction) when the 
stimulus is applied to the aboral pole of the hypostome. 

After action. When the poison has been so weak or the sojourn in 
it so short that the rhythm though slowed has not been markedly 


1G, J.Romanes, Phil, Trans, 1877, 


( 
va 
is. 
~& 
14 
4 
4 
a 
4 
Am 
if 
ial 
ig 
a 
“9 
ad 
4 


586 | M. GREENWOUD. 
disturbed or stopped, then in a few hours it quickens once more, the 


_ aboral pole, however, remaining concave in quiescence. 


After paralysis has been induced complete recovery is rare, and the 
events which follow may be thus described in series. 

(1) The ephyra dies inflexed, or in the rare condition of sielabos 
expansion mentioned above. 

_ (2) Spontaneity is manifested in the performance of slow, irregular 
and feeble beats, which are sometimes characterized by a tendency to 
tonic contraction (persistent inflexion) of one lobe or more than one. 

(3) The beats initiated as in (2) improve in vigour, quickness and 
completeness, but they are always grouped: pauses of varying length 
occur, and in diastole the aboral surface is concave. 

(4) The beats remain extremely weak and do not effect locomotion. 
The animal appears to suffer wasting of its substance, and, while the. 
manubrium becomes relatively prominent, the size of the whole de- 
creases. Here as in the case of Hydra and the hydroids there is ready 
disintegration of tissue after death by nicotin. | 

It wili be seen from these statements that the stages of recovery, 
when recovery takes place, approximate to the stages that may be 
distinguished in increasing toxic action, and that, applied in very weak 
solutions, nicotin seems to make manifest in an extreme form the 
abnormalities which captivity developes slowly. Romanes however 
ascribes to it a more positive rdle than this; speaking of medusae, 
he alludes to nicotin as more deadly, both during its application and 
afterwards, than atropin, veratrin, strychnia, or alcohol. The solution 
used is described by Romanes as of “appropriate strength,” and the 
length of time during which it is applied is not mentioned, but except 
on the point of immediate stimulation his record is not unlike the record 
I have given above. In the poison medusae show spasmodic contractions 
at first, on which minute beats are superposed, and Tiaropsis indicans’ 


experiences a spasm which varies in intensity in different parts of its 


body so that it becomes asymmetrically contracted. Later there is 


_ quiescence, and in the early stages of this quiescence it would appear 


that stimulation of a tentacle produces local movement; there is no 
irradiation of impulse however, that is, the bell remains uncontracted. 


1 In this medusa Romanes lays some stress on the “ pointing” of the manubrium 
which follows local stimulation of any part of the oral surface of the disc. This 
‘‘ pointing ” was observed of course in unpoisoned specimens ; I name it here because 
localized contraction is one of the possibilities latent in ephyrae and brought out by 
nicotin, 
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After the poison there is or may be recovery in such fashion that 

local muscular irritability first returns, then central irritability (general, 

- coordinate response to stimulation), then spontaneity. The local effects 
of stimulus are often well marked in Tiaropsis. 

Medusae and ephyrae seem so much on the same level of organisation 
that I have thought it fair to compare experiments made on the two — 
forms ; I must add to this comparison a word dealing with the reactions 
of the ‘Craspedomedusae mentioned above. 

In the normal animal the manubrium moves independently, and the 
tentacles contract individually to gentle localized stimuli. A beat of the 
whole bell follows irritation of many tentacles and spontaneous groups of 
beats effect locomotion. 

Action of nicotin. I have observed the result of stay overnight in 
very weak nicotin solution, and the mode of death by gradual concen- 
tration of the fluid from ‘01 p.c. to ‘1 p.c. with the following results. 

In a solution somewhat weaker than ‘01 pc. life overnight is 
possible, but no recovery takes place on subsequent transfer to water. 
The tissue of the manubrium is dark and its boundaries are ill defined. 
A vigorous stimulus applied to the aboral pole calls forth a slow con- 
traction, and spontaneous contractions may be seen, but they are impo- 
tent to effect locomotion. 

When the strength of the nicotin solution is increased in the gradual 
fashion of which I have spoken, death comes about in seven or eight 
hours. At first the tentacles are extended and irritable, later, stimula- 
tion of the aboral pole is necessary to produce a beat, and even touching 
of this most sensitive spot is finally without effect. I believe that 
before death a series of feeble spontaneous beats may be seen. 


Actinia mesembryanthemum. Sagartia parasitica. 


Normal animal. These animals are so much alike in their behaviour 
under nicotin that I think they may be considered together, for it seems 
probable that the slight dissimilarity which does occur is due to 


characteristic structural features. Thus an extremely strong circular — 


muscle runs round the oral disc of Sagartia, externally to the tentacles, 
so that close inflexion follows gentle local stimulation. Again Actinia 
has comparatively yielding lateral walls; in Sagartia the mesoderm in 
this region is so dense and rigid that subcutaneous injection is almost 
an impossibility. 

Action of nicotin. Both animals are remarkably insensitive to the 
action of this poison. In a weak solution, ‘005 p.c. to ‘01 p.., there is 
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good expansion but I have never noticed satisfactory la After 
forty-eight hours in ‘005 p.c. Sagartia can still show inflexion ; it may be 
however that there is a phase of paralysis, which as in the case of Hydra — 
passes off during lengthened stay in very weak poison. In stronger 
solutions there is semi-inflexion, but no establishment of permanent 
lesion even after the lapse of twelve hours, and Actinia and Sagartia 


alike can survive the injection of 10 mgs. and 15 mgs. of nicotin. There 


is some indication of effect after injection in the case of Actinia; itis — 
shown in a slightly incoordinate response to stimulation of the tentacles, 
in continued waving movements performed by them, and in a deepening 
of tint which I associate with loss ‘of water by the terminal tentacular 
pores. It is difficult to establish results even as slight as these in 
Sagartia perhaps because here there is so great a margin of irritability 
to be overcome, perhaps because the looser structure of Actinia makes 
the diffusion of the poison a matter of comparative ease. 

After effect. Be this as it may, the incoordination and contraction 
are as transient as they are slight, and recovery takes place not only 


after long continued immersion, after immersion in strong nicotin, or 


after copious injection, but when these modes of treatment are repeated 


\._or combined. I have never killed an Actinia by nicotin, and any effects 


which deserve to be called permanent are apparently associated with dis- 
orders of nutrition.. For example, food may be taken after one injection 
but after some days’ intermittent poisoning, this stimulus—usually so 
potent for a sea anemone—is without effect. Attachment is also less 
perfect, for the animal may lie on its side and I have seen some 
considerable discharge of mucous jelly by the mouth. But I am 
too ignorant of the normal mode of nutrition of the Actiniae to brand 
this as an abnormal manifestation. 


B. 


The simpler forms of this group still show somewhat 
striking resistance to the action of nicotin, but when lesion 
is set up, definite physiological processes are differently 
involved. With higher forms the action of the poison is 
stimulative at first and later, paralysing; the paralysis is 
not uniform in onset, and recovery, when it takes place, is 
differentiated. Some of the most complex types rarely re- 


cover after they have once manifested unequivocal signs of 
poisoning. 
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OLIGOCHAETA. 
Lumbricus terrestris. 


The normal animal. It is perhaps superfluous to speak of the 
habits of the familiar earthworm. But I should like to distinguish 
as “normal,” gliding, and slightly twisting movements, to emphasize - 
the rapidity with which a worm placed on its dorsal surface turns 
over, effecting righting, and lastly to mention that the deeply rooted 
_ burrowing instinct finds expression in very quick disappearance when a 
worm is placed on earth. | 

Action of micotin. Lively reflexes make accurate subcutaneous 
injections a difficulty here, and as a rule I poisoned by immersion. 
A liquid is of course an unusual environment by itself, but control 
experiments with water proved that no marked change is produced in 
twenty hours. Some movement however does follow immersion in water 
so it is hardly certain that the movements which undoubtedly take 
place in nicotin tartrate, ‘01 p.c. to ‘1 p.c., are greater than they would 
be in the absence of the alkaloid. A certain amount of mucin is 
secreted during the stay in nicotin, and this suggests an active stimulus, 
so perhaps does the sometimes everted mouth, but I think that a later 
stage of paralysis of the muscles of the body is demonstrable with 
greater ease than is any initial irritation. Even this paralysis is 
slow in onset. One hour’s stay in ‘2 p.c. nicotin tartrate hardly 
abolishes all automatic movement, and though on the next day there — 
is quiescence after thirty minutes’ renewed application of the poison, 
it is spontaneity only that has been lost, for the worm reacts reflexly 
throughout its length. 

It seems probable that in some cases at least reflex irnidabilite 
may be lessened in the head and anterior regions, while the tail 
is still delicately responsive: at such a moment gentle stimulation 
posteriorly, produces a jerk of the whole body, so it would seem that the 
motor nerves are yet untouched. After quiescence is well established 
reversal of the now flaccid worm is not followed by righting. Death 
under the action of the poison is possible, but to effect it the nicotin 
must be concentrated or the period of immersion long. A ‘05 pac. 
solution, acting for some hours is fatal; the worm is flaccid and even the 
movements of the ciliated cells of the gut have stopped. A ‘01 p.c. 
solution for a like time also produces flaccidity, but slight reflexes are 
noticeable on transference to earth and — they become more 
marked. 
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Rapid poisoning can however be brought about by the use of more 
concentrated, neutralized solutions of nicotin. Under such treatment 
the secretion of mucin is marked, and a phase of muscular rigidity 
precedes the flaccidity which is the final condition here, as with weak 
solutions. 

After action. As paralysis is difficult to produce by the application — 
of nicotin tartrate so too recovery is, on the whole, ready. Local reflexes, 
if they have disappeared, come back first, spontaneous movements 
later; the sense of equilibrium’ and the instinct of burrowing appear 
with complete restoration. As paralysis passes away a certain paresis — 
succeeds; reversal is not followed by righting until some stimulus is 
applied, or the righting is unaided but is effected after a long latent 
period. And in the return of reflex movements too, modified action 
precedes complete recovery; thus it is very characteristic of the 
nicotinized worm to form a fairly close spiral on stimulation,—probably 
by localized contraction of longitudinal muscles, and this is in sharp 
contrast to the gliding locomotion by which, before lesion, the animal 
tries to escape from disturbance. 

The last after effect of nicotin which I would mention is connected — 
with functions less obvious than that of locomotion. An unhurt worm 
is never smeared with the earth through which it burrows; its surface 
is moist, and on handling, there is often secretion of mucin. After the 
action of nicotin a certain dryness of the exterior is noticeable, and in 
futile attempts to burrow, or even sometimes if the attempts have been 
successful, the body of the worm may be covered with clinging particles 
of mould. | 


ECHINODERMATA. 


In this group the Asterids, according to Marshall’, show the most 
primitive type of structure. Their nervous system is indeed localized 
in the circumoral ring and along the ambulacral grooves, but it actually 
forms the deepest part of the epidermal layer and stretches as a sheath 
of varying thickness over the external surface of the body®. In contrast 
to this, it is well known that the Ophiuridea have a layer of calcified 


1 may perhaps be allowed to indicate shortly by this expression that complex of 
sensations which leads any animal when left to itself to take up determinate positions in 


2 A.Milnes Marshall. Quart. Journ. Mic. Sci. 1886, 
’ This diffused nerve layer is described and figured by Hamann. Beitrdige z. Hist, d. 
Echin, Jena, 1884. 
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dermis external to all nervous structures, while it seems probable that 
in the Crinoids there has not only been displacement but division. 
Thus the dorsal cords with which each arm is provided are nervous 
matter which has come to lie internally, while the ambulacral epithelial 
bands represent a remnant of the primitive nervous system lingering in 
the position in which in Asterids the main nerves occur. 

It may be fanciful to suppose that there is any causal ~ relation 
between this serial increase of nervous development and a similarly 
graduated mobility of habit; at any rate I think there is some evidence 
for the view that passing from Asterids to Crinoids there is increasing 
susceptibility to nicotin, and more marked persistence of the toxic 
effect. 


Asteridea. 


The normal animal. In an unhurt starfish there is always determined 
effort to lie and move upon the oral (ambulacral) surface ; Romanes has 
shown that after reversal, righting is brought about by a conjunction of 
coordinate movements. Further, in the normal condition there is firm 
attachment with considerable locomotion, and tenseness of the body to 
the touch hints at the existence of muscular tone. The reflexes which 
are given in health are almost too well known to need mention; I 
enumerate them merely to bring out the fact that there may be 
irradiation of impulse along definite paths, so that while gentle local 
stimulation calls forth local movement, increased vigour of stimulus leads 
to widespread efferent effects. Thus, on direct irritation, the tube feet 
withdraw ; stimulation of the ambulacral nerve gives like withdrawal, 
inflexion of the adambulacral ossicles about the area, stimulated and 
even movements of the arm as a whole. The tube feet of all the arms 
may be affected by irritation of those lying near the oral disc, and 
vigorous contact with one arm may have motor effects on the proximal 
_ part of the next. On the aboral surface of Asterias the delicate dermal 
branchiae withdraw on very gentle stimulation—and the pedicellariae 
standing singly, or as in Asterias glacialis grouped on the muscular 
investment of the spines show both spontaneous and reflex movement. 

Action of nicotin. When nicotin is given either by injection" or as 
environment, the arms are inflexed conjointly and rigidly, the tube feet 
contract, the dermal branchiae are withdrawn. Later, none of the 
typical reflexes can be obtained, and when reversed, the animal makes 


1 After injection there is often movement of the arms towards the seat of lesion. A 
similar movement is called forth by injection of methylene blue but it is quite transient. 
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no attempts to right itself. This is the effect of a first potent dose of — 
nicotin, the action of ‘05°/, through half an hour; a weaker solution ~ 
may show more selective injury. The power of righting on reversal is 
lost first and at a time when all the reflexes I have named may be 
obtained ; paralysis of the tube feet comes on before the adambulacral 
ossicles are paralysed, and probably, while there may yet be movement 
of the arm as a whole, while the dermal branchiae are still less readily 
affected. 

After action. The same indication of selection may be traced after 
transference from the poison to water. I have never seen speedy death 
under the action of nicotin but there may be gradual death or gradual 
recovery. | 

As the lesion is passing away the arms are extended and the animal 
lies, flatly stellate, on its aboral surface; later, the dermal branchiae 
expand, stimulation of the ambulacral nerve gives long continued 
inflexion of the adambulacral ossicles, and may involve movement 
of the whole arm. Lastly, the tube feet are extruded, they show 
local irritability and some transference of stimulus, and there is righting, 
attachment, locomotion. Recovery after this fashion may be watched 
after one application of nicotin’, or after successive applications of ‘01 
p.c. on following days. There is even some sign of habituation to the 
action of the poison, for I think the stay of the animal in it must 
be longer on each successive day in order that the initial level of 
paralysis may be reached. 

But after long action or after transference e.g. from °01 p.c. to ‘05 
p.c. and to ‘1 pc. there is gradual death. Righting power is not 
regained even temporarily, and the machinery for local reflex action, 
which works at first, becomes inactive. In cases where there is as it 
would appear perfect recovery of reflex and volitional movement it seems 
just possible that nutritional disorders may linger. The tenseness of 
the unhurt Asterids often gives way to marked flaccidity of tissue, 
and in some cases autotomy is carried to great lengths. I have no 
sufficient evidence for ascribing this to the persistent action of nicotin 
however ; it might well be one result of mere captivity. 


The discriminating effect of nicotin upon Asterias points to a 
functional differentiation of the nervous system which has been urged 
on other grounds by earlier writers. 

To Romanes” work I have referred above, and I may add that he 


1 Thirty or forty minutes in -05 p.c. or 01 p.c. solution. 2 G.J. Romanes. Op. cit. 
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attributes the performance of local reflexes to the connected action of 
a nerve plexus which is generally distributed, and that he regards 
coordination as bound up with the integrity of the circumoral ring. 
I am puzzled however by a later statement that “slow righting 
movements may be performed when this main nerve commissure is 
removed.” | 

From the study of the spontaneous and reflex movements of Asterids 
Preyer’ has formulated an elaborate scheme of action for the afferent 
and efferent nerves concerned in their execution. Among other 
stimuli he used nicotin, and although the solution was an aqueous 
extract of tobacco leaves, or sea water in which the end of a cigar had 
been soaked, and therefore its purity is to be questioned and its 
strength is unknown, his conclusions may be noted. The solutions 
are highly poisonous for all kinds of sea stars*; they produce paralysis 
of all movement. The irritability of the tube feet may be recovered, 
but nicotin interferes with the power of attachment, and the movements 
which effect spontaneous righting come back rarely or not at all. 


Ophiuridea. 


The normal animal. In these forms the tube feet are degenerate ; 
the delicate membranous tubuli which represent them and which are, _ 
according to some authorities, sense organs, are however extremely 
irritable and comparatively widespread withdrawal follows even gentle 
local stimulation. Bound up with this special loss of ambulacral power 
there is marked mobility of the radii or arms; climbing and crawling 
movements are very active, and on reversal there is almost convulsive 
righting. Other local reflexes which are striking are the approximation 
of the circumoral calcareous plates on local stimulation, and the 
autotomy which is such a familiar sequel to any rough handling. 

The action of nicotin. The immediate action of nicotin here is 
stimulative and this, as a phasic effect, is very characteristic of higher 
forms*. Active clonic spasms may be watched for half-a-minute to a 
minute and a half (the time varying with the strength of the solution), 
and they are succeeded by the tonic contraction which is the first effect 
in the case of Asterias. In this tonic contraction the oral surface is 
slightly convex, the arms are extended stiffly, and their tips only, act 


1 W. Preyer. Mittheil. a. d. Zool. St. zu Neapel. Bd. vn. 

Asterids, Ophiurids, Crinoids. 

3 Cp. J. N. Langley and W. Lee Dickinson. “ Pituri and Nicotin.” This Journal. 
Vol. x1. 1890. 
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as supports. The rigidity passes away either on removal to water or 


during stay in a very weak solution of nicotin, but after relaxation the 


tube feet are withdrawn, the mouth reflexes are absent and there is no 
tendency to right on reversal. 

After action. Ophiurids are especially sensitive to the action of 
nicotin, thus ‘001 p.c. has obvious effects in fifteen minutes. There 
may be complete recovery from a dose as small as is this, and even 
after the action of a ‘01 p.c. solution, apparent return to the normal. 


_ Here as in Asterias there is indication of habituation to the poison in 


that the effect of successive separated doses tends to decrease ; but the 
limits of this power of adaptation are narrow. And here too, during 
recovery, the reflexes from the tube feet and from the circumoral 
calcareous plates are first regained, and voluntary movement and 
“righting” movements follow, probably going hand in hand. 


Crinoidea. 


The normal animal. Among the Crinoids I have observations only 
on Antedon rosaceus. But this animal is of some interest because, 
apart from its reaction to poisons, the disposition and mode of action of 
its nervous system have lately been made the subject of detailed 
investigation. The outcome of this investigation, as summarized by 
Marshall’, may perhaps be stated as follows ;—down the dorsal aspect 
of each arm of Antedon (and ericlosed in a tunnel of calcareous plates) 
runs a radial nerve; the main commissural connection of these nerves 


is arranged as a circumoral pentagonal ring. There is a further plexi- 


form commissure joining the nerve trunks of each pair of arms in the 
8rd radials’, that is where the two spring from a parent stem. On 
the oral surface of the body in a position corresponding to that of the 
ambulacral nerves of: Asterias, a central pentagonal arrangement of 
fibres is found with radial diverticula; this is what German writers 
have until lately considered the main nervous system of Antedon. 
Marshall as I have hinted above seems to regard it as nervous, and 
a possible representative of the primitive mode of innervation of the 
group; he ascribes to it a subordinate function and even this is 
suggested rather than proved. | 


The actions which are perhaps most characteristic of an unhurt 


1 A. Milnes Marshall. Op. cit. Carpenter had come to similar conclusions but 
he supported them by less formulated evidence. 
_ ® Series of calcareous plates which stretch from the mouth to the tips of the arms are 
known as Ist, 2nd, 3rd Radial, 1st, 2nd Brachial, etc. 
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Antedon, are rapid righting on reversal, and: the performance of 
_ elaborate swimming movements. Both these are due to the ordered 
conjunction of flexion and extension of the pinnule bearing arms, which, 
irritated locally, give definite reflexes. The most striking of these are 
(1) coordinate inflexion of the oral pinnules on stimulation of the oral 
disc, (2) flexion of an arm on pinching or of the two arms of a pair or 
even of a greater number when the stimulus is strong. If the ventral 
surface of an arm be stimulated gently the pinnules are infolded. 

Action of nicotin. When a healthy Antedon is placed in nicotin 
and there is as with the Ophiuridea a phase of stimulation; the arms 
perform active, sweeping movements, the pinnules curve at their tips, 
but are not generally infolded. After a few minutes the movements 
cease and there is development of paralysis; it seems probable that 
‘01 p.c. nicotin, paralysing slowly, leaves the animal with inflexed arms, 
and the quicker action of ‘05 p.c. brings about quiescence in extension. 
The last reflex which can be noticed before paralysis is complete 
is a jerking movement of extension limited to the arm actually 
stimulated. | 

After action. When there has been manifestation of all these 
symptoms of lesion, recovery is possible even with reappearance of 
the highly complex actions of righting and swimming. But the partial 
recovery which alone is possible after profounder poisoning has some 
interesting characters. Thus, the local reflexes’ show themselves in 
the absence of irradiation and coordinate response to stimuli, and 
later, when such coordination can be detected, that is when nipping 
of one arm is followed by movement of arms other than the second of 
the same pair, the movement is somewhat peculiar. The arms do 
not inflex, but tend to extend, and the extension is jerky, as is the 
like extensor response which is gained before the completion of paralysis 
under nicotin. Now extension of the arms of Antedon is effected, 
according to Marshall, mainly by the reaction of strong, dorsal, 
elastic ligaments, while there are active flexor muscles; experiment 
suggests therefore that the same stimulus applied under different 
conditions gives muscular contraction or muscular relaxation. It may 
be noted in this connection that Preyer’ finds that stimulation of 
other Echinoderms, gives according to circumstances, withdrawal or 
extension of the tube feet. The tube feet are, it is supposed, retracted 


1 I omit any discussion of the behaviour of the pinnules here, for I have not been able 
to reconcile the results of all the experiments. 
2 W. Preyer. Op. cit. 
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by definite muscles, while emission is bound up with muscular relaxa- 
tion and entrance of water into the chambers thus widened. 

But the development of local reflexes after nicotin, and even the 
return of coordinating power, may yet leave Antedon markedly maimed. 
Between this condition of things and complete recovery two stages may — 
be distinguished. In the first, reversal set up artificially, persists, 
but on brushing, or when placed on its side, the animal rights itself; 
that is, the machinery for the movement is complete but volition is 
dull. In the second there is also no righting on reversal nor is this 
brought about by stimuli; coordinated: waving of the arms is readily 
obtained, but it effects no change of place. 

So far I have dealt with the symptoms of poisoning which charac- 
terize an initially healthy Antedon; it remains for me to mention 
briefly the reactions of eviscerated specimens and the results of an 
attempt to effect local poisoning. | 

It has been pointed out repeatedly that evisceration, by which 
operation the ventral circumoral nerve ring is torn from its radial 
ambulacral branches, does not interfere with the swimming movements 
of Antedon, nor leave it destitute of the sense of equilibrium. It seems 
that for the most complicated actions which the animal performs, the 
dorsal central capsule and pentagonal ring act as initiating centres’. 
And in poisoning eviscerated specimens it is not easy to find any 
marked difference between their behaviour and that of normal animals 
possessing the visceral mass. The toxic effect is uniform and the stages 
detailed above may be recognized; possibly however irrevocable injury 
is effected with greater ease after evisceration. 

As contrasted with evisceration, removal of the central capsule 
has a remarkable effect on the actions of Antedon. All power of 
righting is lost (this is of course after time for recovery from the 
shock of operation has been allowed) and when the lesion goes further 
and includes the pentagonal general commissure there is not even 
coordinate movements of the arms. Some coordination lingers between 
the two members of each pair, and this depends according to Marshall | 
on the integrity of the partial commissure in the 8rd radials (v. supr.). 
Apropos of this I found that with an intact Antedon general poisoning 

1 Cp. Marshall. Quart. Journ, Mic. Sci. Vol. xxv. The central capsule is a sac of — 
fibrillated tissue which lies medianly under the dorsal surface of ‘Antedon. From it start 
nerve branches which rin to the arms and have commissural connections as they go first 


in the region of those calcareous plates known as the Ist radials, and secondly in the 3rd 


radials. The former commissure is general, the latter partial, that is, it joins the two 
members of one pair of arms. 
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symptoms followed when one, two or more arms were soaked in nicotin, 
and the rest were supported in water. Of course since the level of the 
two fluids was necessarily near and immersion at first stimulates to 
movement I cannot be sure that some nicotin was not washed over to 
the surrounding water and that therefore the poisoning of the arms 
supposed to be in water was wholly centrifugal and irradiated. Still 
the behaviour of such a specimen under such conditions is sufficiently 
different from that of one which has lost its central capsule. In this case, 
twenty-four hours after the operation, immersion in nicotin causes uni- 
form loss of the reflexes which the lesion has left undisturbed. But one 
arm may be placed in the poison, may move actively at first, may be 
paralysed finally without starting any extended effects except slight 
initial movement of the other arm of the same pair. When recovery 
_ was effected in this case stimulation which called forth local inflexion in 
all other arms produced the characteristic extensor movements in the 
arm which had been poisoned. 

I have no right to lay stress on an isolated experiment like this, 
and indeed in the absence of any time data it cannot be regarded as 
indicative of a differentiated action of nicotin on nerve cells; it is 
however in harmony with Marshall’s scheme of innervation and with 
_ earlier observations of Carpenter. 


CRUSTACEA. 


Palaemon serratus. 


The normal animal. It is said’ that the unhurt prawn remains 
stationary during the day unless enticed from its resting place by food. 
I found that, taken from the large gravel-lined tank and placed in a 
small vessel, the quiescence is noticeable ; the prawn lies with erect head 
and depressed telson and even slight movements of ambulatory legs 
or chelae are absent. Any disturbance produces a bout of vigorous 
swimming and the striking reflex action of which I shall speak in 
future as the “telson reflex.” This is a jerking inflexion of the hind 
half of the body; following inevitably on even gentle stimulation of 
the telson, it may be roused by afferent stimuli applied at distant 
points and it even masks other local reflexes by its ready develop- 
ment and convulsive character, When a prawn is held by the 
rostrum (to still its movements) and inverted, it rights itself without 


1 W. Bateson. Journal of the Marine Biol, Assoc, October, 1889. 
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noticeable latent period; there is a short burst of swimming like that 
which follows any disturbance and in the swimming there is progres- 
sion in a straight line’. 

Action of nicotin. In a paper written some time ago Yung" gives 
a description of the action of nicotin on decapod crustaceans. The 
animals he used were chiefly crabs and lobsters ; he poisoned by injection 
of ‘2 p.c. solution, the amount injected varying from 1 c.c. to 1 drop, 
and briefly, his results are as follows: 

1. Convulsions set in; a prawn (one case is is recorded) j jumps from 
the containing dish ; crabs and especially lobsters are paralysed 
in rigid contraction and there may be shedding of appendages, 
while the injection is in progress. In the prawn the swimmerets 
are the last organs to be paralysed. 

2. The heart beat is affected ; there is temporary quickening ; later 
slowing, and final stoppage. | 

To Langley’s® paper (in which the experiments are carried out on 
Astacus) I have already referred. The remarkable point which it 
brings out is the selective character of the nervous lesion as manifested 
in the recovery of certain motor powers after poisoning, while during 
continued life of two months those actions which are most clearly 
voluntary are never performed. In these experiments the cause of — 
lesion was an injection of 1 mg. to 3 mgs. of nicotin in a 1 pc. 
solution. 

My own observations were carried out on prawns poisoned by — 
immersion in nicotin. For although indigo-carmine, litmus and methy- 
lene blue may be injected without any consequent upset of function, I 
found that nicotin had almost immediately fatal effect. The death in 
violent convulsions which it induces is probably that observed by 
Yun 8; but one must look for indications of selective action in 
poisoning that is less intense. 

On immersion in ‘01 p.c. solution of nicotin there is Siler 
stimulation, and succeeding paralysis. In the first phase there are 
rhythmic movements of the appendages, noticeably scraping move- 
ments of the ambulatory legs, but there is no locomotion ; each pair of 
swimmerets acts synchronously, but I think it possible that towards — 
the end of this stage there may be alternate action of the chelae and 


1 The chromatophores of Palaemon react slightly to light. I do not emphasize the 
reflex here, because I cannot offer any evidence that nicotin changes it definitely. ; 

2 E. Yung. Archiv d. Zool. Exp. T. vu. 

’J.N, Langley. Loc. cit. 
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ambulatory legs. Paralysis sets in from before backwards, the chelae 
and thoracic appendages being stilled in cramped contraction while the 
rhythm of the swimmerets goes on. These, before they stop, may have 
fibrillar contractions replacing their definite beat: when they are 


quiescent there is general muscular relaxation, the prawn turns on 


its side and only the action of the gills and of the heart goes on. 
When the movements of respiration have been once interfered with 
they are not I believe recovered satisfactorily ; I do not wish at this 
point to consider their behaviour nor the effect of nicotin on the heart, 
but turning again to the loss of equilibrium and skeletal paralysis I 
have described above, I would like to mention a curiously explosive 
manifestation of nervous activity which may be observed during a period 
of poisoning. The prawn lies quietly on its side in the nicotin solution, 
its limbs relaxed from their early condition of paralytic cramp ; suddenly 
there is spontaneous and convulsive performance of swimming move- 
ments, the animal rushes round the containing vessel or jumps in it, 
but after two or three seconds relapses into unbalanced quiescence. 
These brief convulsions are generally noticeable after twenty minutes to 
twenty-five minutes stay in nicotin (half-an-hour was the standard time 
of sojourn) but sometimes I have looked for them in vain during the 
time of immersion, and have been startled by their onset a minute or 
two after return to water. They are not repeated, and except for their 
isolation, recall the slow discharge of nervous impulses from the inspira-— 
tory centre during the later stages of asphyxia. o 

After action. I have never obtained in Palaemon the curiously 
persistent lesion which characterizes Astacus. It may be that that 
difference in balance of organisation which makes injection fatal for 
the one and suitable treatment for the other, and which finds expression 
in the prawn in the increased gravity of interference with respiratory 
movements, is the cause of this unlikeness too. But it may be, on the 
other hand, that I have always poisoned too much or too little. This 
point can only be settled by further experiment, at present I have to 
record as the after action of nicotin, changes which end in final recovery, 
or changes which lead gradually to death. 

In gradual recovery the movements first regained are, as a rule, 
those that were lost last. Synchronous beats of the swimmerets develop 
and only differ from the normal beats in being separated into groups by 
periods of quiescence; they are generally accompanied by flexion 
of the hind end of the body. During a pause, stimulation of a 
swimmeret starts the rhythm; while the movements are going on, 
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slight sensory stimulation stops them, and brings about the relaxation 
of the flexor muscjes of the abdomen, so that the hind end of the body 


is extended. Other reflexes which return later, are those of the telson, 
the eye, the chelae; they are feeble at first and gradually gain in 
strength. Later, there are coordinate swimming movements; the 
animal lies on its side and swims aimlessly ; turned on its dorsal surface 
there is a latent period of variable length before righting is effected, 
and finally the righting becomes prompt and the prawn assumes its 
normal attitude of quiescent alertness. 

When a prawn dies after the action of nicotin, there is some recovery 
of movement unless the poisoning has been extremely severe. Thus, | 
spontaneous rhythm which may be inhibited locally, is developed, and 
other reflexes occur, but in place of the regained sense of equilibrium 
which is a sign of restored health, there may be (1) manifestation of 
hyperaesthesia. The prawns respond by coordinate movements of the 
swimmerets or of other appendages to contract stimuli such as shaking 
or tapping the table on which they are placed. This peculiar action, 
quite unnoticeable in the healthy prawn, may set in from six hours to 
thirty-six hours after poisoning; occasionally it is succeeded in recovery 
by local response to local stimuli but I regard it on the whole as a 
stage on the way to death. (2) Another change expressive of profound 
injury is developing opacity of the skeletal muscles. This is quite 
visible through the transparent investment; it begins posteriorly and 
brings about a curious creeping death so that the swimmerets and 
the telson are insensitive, while reflex and even spontaneous movements 


are performed by the anterior appendages. It seems possible that this = ~- 


may be regarded as an extreme case of trophic disturbance, and in less 
severe lesion there is another change recalling this, which may be due 
to insensitiveness or to impotence. The prawn gathers dust or light 
accidental foreign matter on its antennae and even on other appendages: 
Langley notices that fungus grows rapidly on a partially paralysed 
crayfish, and it seems ao that the deposit and the growth may 
have a like cause. 

I have hitherto hardly mentioned an action of which Yung speaks 
in some detail,—I mean the heart beat. I have refrained chiefly 
because my notes on this point are inadequate, and their substance 
does not altogether agree with Yung’s statements. He studied 
the heart of the lobster exposed by dissection; I watched the heart 
beat through the transparent carapace of Palaemon. And I found 
the rate of the normal heart much quicker than that given by Yung, 
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A rate of 80 per min. I think slow, and I have counted 120 per min.; it 
may be that the prawn and the lobster do differ thus widely, or the 
mode of observation may affect the results. Further it will be remem- 
bered that Yung regards nicotin as accelerating and then slowing the 
action ; I must say that slowing and irregularity struck me much more 
than any accelerating effect, — because I did not count — the 
evanescent quickening was over’. 


-Sepiola Atlantica. 
The normal animal. Sepiola atlantica is a small senhehned which 


I was hopeful in regarding as an organism suitable for investigation of . 


the action of nicotin, for having of course the complex nervous system 
which characterizes all cephalopods,.it has also very active chromato- 
phores, and eyes with variable pupils. It is said’ that in Eledone the 
size of the pupil varies with the emotions of the animal, and that in 
Eledone and Sepiola alike, the iris contracts under the action of strong 
light. And it is well known that though a resting Sepiola may have 
contracted (pale) or expanded chromatophores, yet when a pale animal 
_ is stimulated, by contact, handling, or electricity, it darkens, ie. the 
radial muscular fibres attached to its chromatophores contract, and 
consequently the chromatophores expand. 

Action of nicotin. I had very few Sepiolas to work with and finding 
them unexpectedly delicate I used in most cases too strong a dose of 
poison. Thus my results are almost too small to state, were it not that 
the increased sensitiveness to nicotin which they imply is in itself 
interesting, and were it not further that they contrast with those yielded 
by another member of the group—the gasteropod Archidoris tuber- 
culata. 

Sojourn in nicotin, ‘001°/,, does not produce obvious paralysis in 
20 min. The branchiae (seen at the hooded anterior opening of the 
mantle) act vigorously, perhaps more vigorously than usual. There may 
I think be change of colour but on the whole, the muscles of the 
chromatophores are contracted, i.e. the animal is dark. Reversed, it 
rights itself; its movements may tend to be a little convulsive, and 
to effect the performance of somersaults. 


Transference to 01°/, solution (after an tatemmaged stay in water) — 


1 Op. Langley and Dickinson. This Journal. Vol. x1. pp. 277, 292. 
Bateson. Loe, cit. 
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results in fatal lesion in some seconds, There is a tendency to spon- 
taneous reversal, the arms wave wildly over the head, the colour is pale, 
the eyes are almost shut. 

Immersion in 005 °/, nicotin brings about great disturbance in less 
than half-a-minute. The mantle hoods are arched, the arms sweep 
convulsively over the creature's head, and after removal to water 
there is insensitive rigidity, the colour of the animal being pale. 

Injection is even more profoundly disturbing. It provokes almost 
at once somersault movements and sweeping action of the arms; then 
follow pallor, rigidity and stoppage of branchial pulsations. In the case 
of Sepiola however the art of injection must be regarded as hurtful in 
itself; I have brought about death from injection of sea water, and I 
believe the same result often follows injection of indigo carmine—a 
process harmless to so many forms. But after discounting for this 
special susceptibility there are still many points which injection of 
nicotin and immersion in nicotin have in common, and the after effects 
of both modes of treatment are similar. | 
_ After action. After the symptoms of poisoning have once set in I 
have never seen recovery. 2 

There is no volitional locomotion; there is no righting on reversal. 
The eyes having constricted pupils at first, become enormously dilated, 
and though this extreme condition may pass off, death finds the pupil 
not slit-like but round. Twenty-four hours after poisoning by weak 
solution of nicotin the muscles of the chromatophores, of the funnel and 
of the tentacles may be roused to slight activity by a fairly strong 
interrupted current. Spontaneous and very local alterations in colour 
occur long after peripheral stimulation has ceased to produce reflexes ; 
indeed these seem independent at least for a time of what I might 
perhaps call central life. 

In speaking of the way in which poisons affect Cephalopods, Yung 
_ has some description of the action of nicotin on Eledone, on Sepia, on 
Octopus’. He notes that local application of a drop of very dilute 
nicotin solution darkens the region of the skin which it touches, i.e. 
brings about contraction of the muscular fibres of the chromatophores, 
and further that immersion in ‘002°/, solution poisons profoundly. The 
animal is twisted up “like a rag,” respiratory movements are quickened 
at first but stop in thirty seconds and in three minutes there is com- 
plete paralysis. Yung considers that the paralysis of reflex movement 


is Sepiola, 
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comes on before that of motor nerves, that in the case of the mantle for 
example the stellate ganglion is paralysed before the nerves that issue 
from it. The last muscles to be affected, always excepting the resist- 
ant radial muscles of the chromatophores, are those concerned in in- 
voluntary action such as the muscles of the intestine. 


Archidoris tuberculata. 


The normal animal is a more primitive type than Sepiola inasmuch 
as it is a gasteropod; it is also comparatively sluggish in habit. 
Locomotion is effected by means of the muscular foot, which also serves 
as an organ of attachment; after reversal there is ready righting 
brought about chiefly by unilateral contraction of the highly muscular 
periphery. Striking reflexes are, (1) retraction of the foliaceous anal 
branchiae when they are stimulated or lifted from the water, (2) 
retraction of both antennae by irritation of the surface of the mantle, 
(3) retraction of one antenna on direct stimulation, the other showing 
slight, associated movements. 

Action of nicotin. In a 01 p.c. solution there is some muscular 
contraction, but the branchiae expand well and are partially paralysed 
in extension. The antennae are not well extended, and while each 
responds to direct stimulation the conjoint reaction after stimulation 
of the mantle is absent. Reversed, the animal does not right itself; on 
the lower surface contraction of the foot reveals the mouth which, in 
life, is hidden. 

A solution of nicotin ‘05 p.c. produces more marked muscular 
contraction. The mouth is especially prominent, localized contraction 
crumples the edge of the mantle, and the branchiae and antennae are 
never well extended. 

Injection of 1 p.c. nicotin has much shit same immediate action 
as has immersion in a strong solution. 

_ After action. There may be, apparently, perfect recovery. Some 
hours after removal from the weaker solution the animal may right 
itself, and its reflexes are apparently uninjured; the effect of stronger 
solutions and of injection of 2 mgs. lingers for twenty-four hours 
or longer, but death does not seem to follow except after severe 
Injection. 

The long continued muscular spasm to which poisoning appears to 
_ give rise here is peculiar, but much more striking is the resistance 
offered to the action of nicotin. I can only think that since Archidoris 
is massively muscular, individual peculiarities of structure have to 
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account for much. I was obliged to leave these animals after a few 
days’ work, and therefore it seems probable that longer observation 
especially if bound up with more closely analytical experiments would 
reveal lesions not easily appreciated on study of a somewhat inert 
exterior. 


Summary. 


In writing the foregoing notes I have felt sometimes that emphasis 
was sacrificed to the description of detail; the general drift of the 
observations may perhaps be gathered from this brief summary. 7 

1. The toxic effect of nicotin on any organism is determined 
mainly by the degree of development of the nervous system. Thus for 
Amoeba or Actinosphaerium it cannot be regarded as exciting or 
paralysing ; it is rather inimical to continued healthy life. 

2. As soon as any structural complexity is reached the action of 
nicotin is discriminating, and discriminating in such a fashion that the 
nervous actions which are the expression of automatism—which imply 
coordination of impulse—are stopped first. This is seen dimly in 
Hydra, and it is more pronounced among the medusae, where 
spontaneity, irradiation of impulse and direct motor activity are affected 
successively. When structural development goes farther the selective 
action is traced readily, as for example in Asterias, in Antedon, in 
Palaemon. 

3. In the case of the higher invertebrates the paralysing action of 
nicotin is preceded by a phase of stimulation. This becomes marked 
in Ophiurids and Crinoids; it is very characteristic of the poisoning 
of Palaemon and Sepiola. 

4. As this positively exciting action becomes noticeable, nicotin 
becomes more and more a medium in which life is impossible. Thus 
Amoeba is not killed at once by a 1 p.c. solution of nicotin tartrate, 
Hydra dies speedily in such concentration but will live over night in 
‘05 p.c., while Lumbricus, killed by the solution which Hydra 
tolerates, lives through some hours in a ‘01 p.c. solution. In forms 
more complex than are these there is no question of such continued 
life; half-an-hour in ‘05 p.c. nicotin paralyses Asterias and Antedon ; 
‘01 p.c. for the same time is a potent poison for Palaemon, and in less 
than a minute ‘005 p.c. injures Sepiola so that there is not subsequent 
recovery. 
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5. When very simple animals do die under the action of nicotin, 
death is often associated with injury of their substance so that it tends 
to disintegrate. This is shown in Actinosphaerium, in Hydra, and 
in medusae. 

And the definite poisoning that occurs in higher types has some- 
times as one of its after-effects a lingering trophic disturbance. An 
extreme form of this is seen in Palaemon, where there may actually be 
progressive death of tissues from behind forwards. And I imagine that 
a similar lesion finds expression in the accumulation of foreign matter 
on the antennae of Palaemon, in the growth of fungus on a paralysed 
crayfish, and in the clinging of earth particles to the body of a poisoned — 
earthworm, 

6. I have said above that nicotin acts on any organism according 
as the nervous system is or is not developed. But animals which have 
enough in common to stand near each other in classification, may yet 
react differently, each according to what I may perhaps call its own 
balance of organisation. Examples of this are seen in Amoeba and 
Actinosphaerium, in Palaemon and Astacus, and among molluscs 
in Archidoris and Sepiola. 


CamBrings, August, 1890. 
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ON THE DEGENERATION RESULTING FROM RE- 
-MOVAL OF THE CEREBRAL CORTEX AND COR- 
PORA STRIATA IN THE DOG. By J. N. LANGLEY, 
F.RS., Fellow and Lecturer of Trinity College, and A. S. 
GRUN BAUM, Scholar of Gonville and Caius Collage, Cambridge. 


TuE brain on which most of the were was 
that of a dog which had been operated on by Prof. Goltz, and which was 
shown by him at the Physiological Congress held in Basel in September 
1889. The animal was killed after being exhibited, and Prof. Goltz 
was-kind enough to give us the brain and spinal cord for examination ; 
we are further indebted to him for the following account of his remarks 
at the Congress. 


Account of the condition of dog (1) by Prof. Goltz. 
Gentlemen, 


Some of the most disputed points with regard to the 
physiology of the cerebrum can be decided definitely by observations 
on the dog which I show you. This animal has been devoid of the left 
half of its cerebrum for about 20 months. By a first operation on May 
7th, 1887, I took away the anterior portion of the left hemisphere. By 
a second operation on January 16, 1888, I removed the remainder of 
the same hemisphere. Lastly on March 12th, 1888, the left eye was 
extirpated. I fancy the brain of this animal will look pretty much like 
the photozincograph in vol. 42 of Pfliiger’s Archiv of the brain of a 
dog operated on in a similar manner. Whether small portions of the 
left temporal lobe remain, or not, the post-mortem examination of the 
animal will reveal. But I think I can assure you positively that this 
dog lacks the whole of the so-called motor area on the left side. 
Besides this, the greater part of the left corpus striatum has certainly 
been also destroyed. You will easily be able to convince yourselves by 
touching the skull, that the whole left half of its roof is missing, and 
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that in examining the extent of the lesion you can press with the vgs 
of the fingers against the base of the cranium. 

If I let the. dog run about freely in the room, he tends to move — 
towards the left in large circles. But, if called, he comes in a straight 
line towards the person calling him. It is easy even to make him move 
in a circular direction towards the right, if he is attracted by pieces of 
meat held.in front of him. He gazes fixedly at food held before him 
with the right ‘intact’ eye just in the same way as a normal dog. The 
condition of the right eye is that of hemiamblyopia as described by Loeb. 
He can execute movements besides those of walking. He can run. 
He can stand on his hind legs. The other muscles of his body are as — 
little paralysed as those of his limbs. In eatin g and licking he 
moves his tongue symmetrically like an ‘uninjured dog. He is very 
watchful and barks loudly ; consequently it is impossible that the right 
half of his larynx should be paralysed. When anybody he knows 
approaches him in a friendly way, he wags his tail and shows his 
pleasure by movements of the ears, head, body and limbs in 208 the 
same way as a normal dog. 

There can therefore be no doubt that those who assert that her 
extirpation of one cerebral hemisphere in the dog, a lasting paralysis of — 
the opposite half of the body must remain, are completely mistaken. 

Nowadays however it is generally admitted that the paralysis 
observed, after destruction of the so-called motor area on one side, 
gradually disappears so far as regards certain automatic movements, 
but it is still asserted that particular isolated movements of the limbs 
remain impossible of execution. Many years ago, indeed, I found that 
a dog, after extensive mutilation of the left hemisphere, does not appear 
able to use the right front paw as a hand. He no longer uses it to get 
at objects he wishes to possess, but prefers to use for that purpose 
exclusively the left paw. If he wishes to scratch his head or free 
himself from some obstacle, he chooses for this also only the left paw. 
If he wishes to scrape something out of the ground, he does not use 
both front paws, like a healthy dog, but only the left. If such an 
animal had been taught, before the lesion, to give at request his right 
paw, after the destruction of the left hemisphere he will only give the — 
left, and cannot by any means be persuaded to give his master the 
right, 

Recently too Hitzig has repeated these observations of mine, and 
now asserts that a dog whose left ‘motor area’ has been destroyed 
remains permanently incapable of using the right paw as a hand. He 
42—2 
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concludes from this that his assumed centres regulate these movements. 
So he would say that a dog cannot use his right paw as a hand, if the 
cortical centre for this movement has been destroyed. 

In advancing this proposition, Hitzig overlooked the fact, that when 
I first published these observations, I mentioned at the same time that 
a dog with extensive destruction of the left hemisphere learns to use 
his right paw as a hand only after some considerable time. Against 
this result, the objection was raised that I had left a fragment. of the 
so-called centre for the front leg and that this portion had taken upon 
itself the whole function of the centre. I hope now to put an end to 
this ‘remaining portion’ theory which has been repeated ad nauseam 
by my opponents. . I ask you to note carefully _ behaviour of this dog 
in the following experiment. 

I shall put before the dog a dish filled with stones, at the bottom 
of which are some pieces of beef. The dog will smell the meat covered 
with a layer of pebbles, and in order to gain possession of it will employ 
the same means as a normal dog in a similar position would adopt. He 
will try to move away the pebbles with his. nose and, if unsuccessful in 
this, to dig out the meat. To begin with, this dog will use the left paw 
for this purpose. I shall then hold it fast with my hand. The animal, 
prevented from using its left paw, will at once apply the free right 
paw with success to scrape out the meat. (The above was then 
demonstrated.) Not infrequently he will voluntarily employ both paws 
for digging out the meat. He can also, after the left paw has been 
released, continue to use exclusively the right paw for excavating. 

You will admit that the action which the dog has just executed, 
viz. of digging out with his right paw a piece of meat, for the purpose 
of eating it, must be regarded as the voluntary movement of a single 
limb. To-morrow you will be able to convince yourselves by inspection 
that this dog possesses neither a left front leg centre nor any other 
so-called cortical motor centre of the left hemisphere. It follows from 
this fact that Hitzig’s view with regard to the functions of these 
parts is untenable. 

Each cerebral hemisphere is in connection with the voluntary 
muscles of both halves of the body. It appears, however, that the 
connection between one cerebral hemisphere and the muscles of the 
opposite half of the body is more convenient than that on the same 
side. Hence a dog whose left hemisphere is destroyed, prefers to use 
the left paw, because the will-impulses from the right — flow 
by more convenient paths to the left limbs. | 
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Whatever holds for the fore limbs, holds also for the hind limbs. 
In micturating this dog usually holds up his left hind leg. But we ~ 
could often see that in performing this act he raised the right hind leg. 

In conclusion a few words on the destruction of sensibility in this 
animal. It has been asserted by Munk, that a dog whose left so-called 
motor area, the ‘ Fiihisphire’ of Munk, has been destroyed, remains 
entirely devoid of sensation in the Limbs and other parts of the right 
half of the body. From the whole conduct of this dog, you will have 
yourselves inferred that his right paw cannot possibly be devoid of 
sensation. I will make for this purpose another, though superfluous, 
experiment. I press on the right hind paw. The dog squeaks and 
therefore feels the painful pressure. From any other point on the skin 
of the right half of the body the animal can be made to give similar 
evidence of sensation. It is true that a stronger stimulus is required on 
the right side than the left in order to elicit a response from the animal. 
As I proved many years ago, after extensive mutilation of one hemi- 
sphere, sensation is blunted on the opposite side of the body. 

Lastly, you can convince yourselves that this dog will at once 
restore to its normal place any limb which is placed in an awkward 
position. I pull his right front paw outwards. He at once draws it 
back to his body. The dog therefore gives proof of Hitzig’s “muscular 
consciousness” in the right fore paw; he ought to have lost it if 
— theory were true. | 


Dog (1). The parts of the brain. which. had. been, removed. The 
remaining portion of the brain of Prof. Goltz’ dog, as it appeared before 
being cut up, is shown in Figs. 3 and 4, Plate XIII. The right hemi- 
sphere is uninjured, the left hemisphere is almost completely removed. 

The fragments of cortex which remain on the left side are :— 

(1) A thin mesial strip of the anterior part of the supra-callosal 
convolution (Figs. 6, 7, S.C’.). This strip was much degenerated, 
it was attached to the degenerated corpus callosum, but had 
no other connection with the brain. 

(2) A lamina of grey substance stretching from the genu of the 
corpus callosum to the anterior commissure. Its anterior part, 
largely composed of connective tissue, forms the mesial wall 
of the anterior cornu of the lateral ventricle. Its posterior 
part, a little in front of the anterior commissure, is shown in 


Fig. 7 
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_ (8) The grey substance of the anterior perforated space, a small 
| portion of the ventral extremity of the pyriform lobe (cp. Fig. 
10), and a small part of the hippocampal lobe (cp. Fig. 5, H,), 
continuous with this and overlying the optic tract. 

The piece (a) shown in Figs. 3 and 4 consists of (1), (2) and (3), and 

_ of the anterior part of the optic thalamus. 

(4) A portion of the dorsal part of the hippocampal convolution 
(H,, Figs. 5 and 6) continuous in front with a mesial strip 
of the fornix. 

From an examination of these remaining fragments, we conclude 
that the only parts of the cortex of the left side of the brain which 
remained in functional connection with the optic thalamus region, or 
with the lower parts of the brain, were (a) a portion of that part of 
the hippocampal convolution which normally underlies the corpus 
callosum, and (b) a small area of grey substance in the i ga 
of the optic chiasma. 

The following parts of the beshth have also been venncwed on the 
left side. 

(1) The whole of the corpus striatum. 

- (2) A portion of the antero-lateral part of the optic dadianue, ce 

(8) A’ portion of the projecting dorsal nucleus of the external 
corpus geniculatum. 


Dog (2). General condition and extent of cortical lesion. We 
have examined also for special points connected with the pes and 
pyramid the brain of another dog from which a portion of the motor 
area of the cortex had been cut out. This animal was operated 
on by the late Mr Harvey in October, 1881. At the time of the 
operation the dog was young. A part of the motor area, to be 
described more in detail presently, but lying chiefly in the right ‘leg 
area’ was cut out. We take the following account of the animal partly 
from Mr Harvey’s and partly from Prof. Yeo’s notes. On recovery 
from the anzsthetic given during the operation, the left hind leg of the 
animal was completely paralysed, and there was marked paresis of the left 
fore leg. The paralysis of the hind limb soon disappeared and in four 
days there was only a slight paresis; this became less and less, and after 
some weeks disappeared. The paresis of the fore limb also disappeared. 
In three months a distinct weakness again appeared in the left fore 
limb and in this only ; the dog limped when walking, stumbled when 
running, touched the ground lightly with the left fore foot when 
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standing, and often when sitting, allowed the foot to be doubled up with 
the dorsal surface downwards. The arm and shoulder muscles on the 
left side gradually diminished in size, and there was a slight atrophy in 
the other muscles of the left fore limb. — ~The dog was killed seventeen 
months after the operation. 

A drawing of the brain of this dog is given in Fig. 1. It will be-s seen 
that the lesion is almost entirely confined to the posterior limb of the 
sigmoid gyrus and a small part of the ento-lateral and of the ecto-lateral 
convolutions on either side of the anterior end of the lateral fissure. — 


- There was-a small degenerated area running forward in the white matter 
of the anterior limb of the sigmoid gyrus, as far as the point where the three 
rays of the pre-crucial fissure diverge. The white matter of the lateral part 
of the posterior limb of the sigmoid gyrus was nearly cut through, but very 
few if any fibres from the coronal convolution were severed in this region ; 
the mesial part of the posterior limb of the sigmoid gyrus which lies over the 
crucial fissure was only connected posteriorly with the rest of the cortex. 
Behind the sigmoid gyrus the lesion was confined to the grey and white 
matter of the convolutions seen on the surface of the brain to be affected: 


- Dog (8). Eatent of cortical lesion. Besides the two brains already 
spoken of, we have for certain special purposes examined the sections of 
the brain of a third dog, an account of which has already been given by 
Langley’ and by Langley and Sherrington*®. On the right side in 
this dog the cortex behind a line running across the brain from about 
the posterior limit of the sigmoid gyrus to the anterior limit of the 
pyriform lobe, although not all removed, had no discernible nervous 
connection laterally with the optic thalamus or crus cerebri. It was 
only in the anterior two to three millimetres of the optic thalamus that 
there was any lateral nervous connection with the cortex, cf. Fig. 2. 
In addition, a large part of the sigmoid gyrus and nearly the whole of 
the coronal, ecto-sylvian and sylvian convolutions had been removed. — 


the following account it will be ‘understood that the 
spoken of were those found i in Dog (1), except when Dog (2) or Dog (3) 
is specially mentioned. | 
The Pyramid and the pes. The right pyramid shows no signs of 
a The left pyramid is much reduced in size and is almost 
7 This Journal, Vol. rv. p. 286, 1883. 
Vol. v. p. 49, 1884. 
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completely composed of dense connective tissue. Below the pons (Figs 
15, 16), the degenerated area of the pyramid is to the eye sharply 
marked off from the intact sub-olivary layer, but in sections stained by 
Weigert’s method, the dorsal layer of the pyramid has scattered in 
it a certain number of normal fibres, probably belonging to the sub- 
olivary tract. The number of these fibres is not great. 

_ In the lower part of the pons (Fig. 14), the trapezium separates, 
though not accurately, the lower fillet, ie. the continuation of the sub- 
olivary layer from the pyramid. A few degenerated pyramid bundles 
extend between the lower fibres of the trapezium. In the pyramid — 
there are as below some scattered normal fibres, chiefly in the dorsal 
region, the mesial and lateral parts of the pyramid have more than the 
central part. In a section stained with carmine about twenty normal 
fibres can be made out; in a section stained with Weigert’s method, 
there are apparently about twice this number, but some of these stain 
in a manner which makes it doubtful whether they are really nerve 
fibres. The fibres are, with few exceptions, of medium or medium-large 
| 

Higher up in the pons (Fig. 13), the bundles of the pes have a 
smaller transverse area than that of the pyramid at the trapezium, and 
the normal fibres are fewer than in the pyramid. 

Above the pons, the degenerated tissue of the pes gradually but 
rapidly becomes looser and more cellular. In correspondence with this 
there is less difference in the size of the pes than in that of the pyramid 
on the two sides (Fig. 12). A more important change which occurs, 
is that the whole area of the pes now contains a certain number of fine 
medullated fibres. These cannot be made out in sections stained with 
carmine, but are obvious in sections stained by Weigert’s method; 
notwithstanding their presence, the pes looks grey-brown, and not 
black, to the eye. Most of these fibres are oblique or transverse, and 
they apparently stretch into the pes from the grey substance dorsally 
and medially of it. 

A short distance above the pons a small bundle of normal fibres 
occurs in the lateral part near the surface of the pes (cp. Fig. 12); at 
first we took this to be the bundle from the fillet to the pes which has 
been described in man and various animals, we could not however trace 
it to the fillet; it apparently arose by scattered fibres from the 
substantia nigra, 

Up to the posterior margin of the optic tract, the fine medullated 
fibres are chiefly in the dorsal and lateral region; in the posterior 
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region of the optic tract, a bundle of fine nerve fibres from the tract 
breaks up into two portions, one of these divides into small bundles 
which curve through the middle (about) of the degenerated pes towards 
the substantia nigra and tegmentum (cp. Fig. 11), the other continues 
dorsally over the lateral portion of the pes, giving off one or two very 
small bundles to pass through it, and curves round the lateral end of 
the pes to the crusta and tegmentum. 

In this region the lateral portion of the pes forms a curious saben 
mass of tissue staining deeply in carmine (cp. Fig. 11), it contains very 
few medullated fibres, and these apparently all come from the optic 
tract; the medial portion of the pes contains as below a certain number 
of fine medullated fibres irregularly arranged. 

The fine medullated fibres from the optic tract we take to be 
Meynert’s commissure, and we conclude that Meynert’s commissure 
does not run to the pes, but to the substantia nigra or tegmentum. 

In the region of the optic thalamus the pes contains a greater 
number of these irregularly running fine medullated fibres, moreover 
a considerable number of longitudinal bundles of fibres appear on a its 
mesial side. 

From the above we may infer, that the pes only becomes @ pure 
bundle of cerebral fibres at its entrance into the pons, and that the 
proper longitudinal bundles of the pes completely degenerate on 
removal of the cortex; further we may infer that above the pons there 
are, traversing the pes, a number of fine medullated fibres connected 
with the substantia nigra and tegmentum, and that a -_ of these 
form the fibres of Meynert’s commissure. 

- In dog (2), in which it will be remembered the lesion was chiefly i in 
the posterior limb of the sigmoid gyrus, the area of degeneration of the 
pes was less localized than we had expected. The degeneration though 
distinct was nowhere great, the pes was about 4 smaller on the pend 
than on the intact side. — 

Underneath the anterior part of the anterior corpus quadrigeminum, 
the degeneration occupied the mesial portion of the crus, and we 
conclude that in the dog the fibres from the sigmoid gyrus and those 
from the sub-orbital lobe do not in this region run in separate parts of 
the pes. Underneath the posterior part of the anterior corpus quadri- 
geminum, the area of greatest degeneration shifts a little dorsally and 
medially, being chiefly in the bundles immediately. below the substantia 
nigra ; there is a distinct lateral portion of the pes showing little, if any, 
sign of degeneration. Beneath the posterior corpus quadrigeminum the 
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degeneration is more diffuse, and it appears to be spread over the whole 
aréa of the pes, though it may be rather greater in the dorsal and 
central part, Throughout the pons, the most dorsal bundles of the pes 

are those in which degeneration is clearest. In the pyramid, the 
jepuaition: is rather patchy, but is scattered over the whole of the 
pyramid; the normal fibres which are left are of all sizes. 

We conclude, then, that the ‘ pedal’ fibres of the motor area in the 
dog run to a very limited extent only as a separate tract. Below the 
optic thalamus they are mixed with fibres from the sub-orbital lobe; in 
their further course, whilst running chiefly in the dorsal part of the pes, 
they are much scattered, and form no distinct strand in the pyramid. 

The degeneration in the pes and pyramid in Dog (3) has been 
described by Langley and Sherrington (op. cit.) as follows. Above 
the pons, the degeneration was considerable except in the mesial 
bundles; in the pons, all the bundles were much degenerated, the 
ventral bundles most, the meso-dorsal least; in the pyramid, all parts 
were degenerated, the mesial portion least, the ventral portion most. 
To test the conclusion arrived at in. dog (2) we have examined the 
sections of the brain of dog (3) and stained some of them by. Weigert’s 
method. To the above description we have only to add that above 
the pons the mesial bundles of the pes are distinctly degenerated, 
although much less than the lateral bundles. At the level of the 
posterior part of the optic thalamus, the lateral portion of the pes, 
where it passes into the internal capsule, shows no medullated fibres by 
the Weigert staining, whilst in the mesial and the central portion 
there are many (cp. Fig. 2,.Plate XIII.); in passing backwards the 
degenération becomes more and more equalized ; in the pons, the area 
of greater degeneration becomes ventral: and we may conclude that 
most of the lateral fibres of the anterior portion of ser pes occupy 
a ventral position in the pons. 

The substantia migra has very nearly disappeared on the left stale 
Neither to ‘the eye, nor under the microscope is the substantia nigra 
easily distinguishable from the degenerated pes; the two form ‘one 
degenerated area (cp. Fig. 11). But there are a few nerve cells of this 
collection of grey matter remaining, chiefly in its mesial region. After 
staining by Weigert’s method, a considerable number of fine medullated 
fibres ‘are to be seen over the whole region, but they are much fewer 
than normal (cp. Fig. 12). The degeneration is rather greater in the 
ape than in the posterior part of the substantia nigra. 
_Sineé in dog (3) in which a large portion of the cortex was cut off 
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from the tween-brain, the substantia nigra has not undergone any very 
obvious degeneration ; it is possible that its degeneration in dog (1) is 
the consequence of the removal of the corpus striatum. In dog (2), in 
which the cortical lesion was chiefly in the posterior limb of the sigmoid 
gyrus, the substantia nigra was apparently normal. Sherrington’, it 
is true, has recently described degenerating fibres as occurring in the 
substantia nigra of the ape, after injuries to the motor region, but the 
amount of degeneration described by him might leave no’ — 
evidence. 
: The nucleus of the pons. It is well known ‘that the lateral al 
medial portions of the pes are lost in the region of the pons, and it 
is usually supposed that these fibres of the pes.end the collections of 
grey substance which are found between the 
ie. in the nucleus of the pons. 

And in fact we find that in sections of the pons region, the sihan 
of the pons is smaller on the left than on the right side, but the 
difference is slight, such as might perhaps be caused by a degeneration 
of pedal fibres entering the grey matter; at. any rate we have not been 

able to convince ourselves that there is any degeneration of nerve cells 
in this region, though there are more small cells _— on the opposite 
side. 

All of these have .2 more or less abnormal appearance.. The change 
consists in many of the fibres being swollen or broken up into. blebs 
in the manner. previously described by Langley and Sherrington. 
The change is greatest in the white substance of the superior olive, and 
least in the ventral fibres of the trapezium. The cells of the upper 
olive appear also na shrunken. The alteration is — on. the 
two sides, 

Anterior. corpus In the part of the 
anterior corpus quadrigeminum, there was a slight adhesion. of the pia 
mater, apparently of an inflammatory character. The left. anterior 
corpus quadrigeminum is about one-third smaller than the right; it 
contains fewer nerve cells, both large and small, but, so far as we have. 
observed, no kind of cell has completely disappeared; in a section 
stained by Weigert’s method it shows in all parts fewer. medullated 
fibres; in a section through its anterior part the zonal fibres. are! fewer: 
normal the superficial white fibres, described Ganser 


This Journal. Vol. p. 899, 1890, 
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v. Monakow as degenerating after removal of the eyes, are almost 
entirely gone; the fibres of Ganser’s cortical layer (middle white) are 
fewer than on the right side. The deep white layer has also undergone 
some degeneration ; probably this is due to the injury to the left optic 
thalamus. 
| The central grey substance of the aqueduct. This, in the region of 
the anterior corpora quadrigemina, is much reduced on the left side 
and altered in shape (cp. Fig. 5, Plate XIII., and Fig. 11, Plate XIV.). 
In a section stained by Weigert’s method, there are also fewer medul- 
lated fibres on the left than on the right side; the difference is 
considerable in the dorsal region and disappears in passing towards the 
nuclei of the third nerve. We do not find any appreciable difference in 
the fibres, which Ganser describes as degenerating in the new-born 
rat, after removal of a portion of the cortex. Underneath the posterior 
corpora quadrigemina, the central grey substance is smaller on the left 
side than on the right, but the difference is small. 

‘The cells giving origin to the descending root of the fifth nerve 
show distinct signs of atrophy on the right side, i.e. on the side opposite 
to the lesion; most of them on the right side are small, and instead of 
being globular, they are elongated. 

The posterior corpus quadrigeminum may be a trifle smaller on the 
left side, but we are not certain of this, and under the microscope no 
difference in structure can be seen on the two sides. It is noteworthy 
that a small proportion only of the fibres of the anterior brachiwm had 
degenerated. The tegmentum, both here and under the anterior corpus 
quadrigeminum, was rather smaller on the left than on the right side, 
| ™ no degeneration could be observed to account for this. 

The internal corpus gentculatum on the left side contains no nerve cells. 
In its dorso-lateral portion there was a small space; the rest, in sections 
stained with carmine, apparently consisted of connective tissue denser 
in the ventral portion. In sections stained by Weigert’s method, it is 
seen that the peripheral coating of nerve fibres has disappeared from 
the posterior part, and is represented anteriorly by a few fibres only; a 
considerable number of fine medullated fibres are present in the ventral 
_ part of the connective tissue remains of the body; these decrease in 
number in passing dorsally, and in the connective tissue praxeensend 
around the space spoken of above they are absent. 

In dog (3) the dorsal part of the internal corpus geniculatum 
contained no cells, and apparently consisted of loose connective tissue ; 
the ventral part was largely degenerated but still contained some nerve 
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cells, The absence of complete degeneration in the ventral part of the 
internal corpus geniculatum may have been due to its connections with 
the cortex not having been completely severed. If that were the case, 
it would follow that the dorsal part of the internal corpus geniculatum 
is connected with the dorsal part of the temporal region of the cortex, 
and the ventral part with the lateral region. 

Partial, though considerable atrophy in the internal corpus genicu- 
latum has, as is well known, been observed by v. Monakow as the 
result of removing the postero-lateral part of the cortex in new-born 
animals. 

The external corpus geniculatum. As already mentioned a portion 
of the dorsal projecting part of this body was cut away in the operation 
of removing the cortex. To the eye, the external corpus geniculatum 
showed anteriorly a thin layer of connective tissue, and posteriorly a 
thin cap of nerve fibres from the optic tract. In sections, it is seen 
that the grey matter of the body has completely disappeared; the 
posterior part of the dorsal nucleus though covered by nerve fibres 
contains no nerve cells, and the ventral nucleus is represented by a 
small mass of connective tissue traversed by some nerve fibres. : 

The injuries which in this case might have led to a greater or less 
degeneration in the external geniculate body are the removal of the 
posterior part of the cortex, the extirpation of the eye on the same side, 
and the, partial removal of the dorsal nucleus. Since extirpation of the 
eye has not caused a readily appreciable effect on the external geni- 
culate body of the opposite side, and since removal of one part of a 
nucleus is not apt in the brain to cause a degeneration of the rest, we 
think that the removal of the cortex is the essential cause of the 
disappearance of the grey substance of the external geniculate body. 

Langley, moreover, found (op. cit.) in dog (3) in which the posterior 
part of the cortex had no nervous connection with the lower part of the 
brain, that there was complete degeneration of the grey substance of the 
corpus geniculatum externum, although the dorsal cap of optic fibres was 
fairly normal. v. Monakow had previously described considerable atrophy 
in this body as the result of reraoving the posterior part of the cortex, 
and more recently he’ has made some important observations on adult 
dogs. These dogs were operated on by Munk and used by him in his 
observations on the visual centre. Amongst other results, v. Monakow 
states that removal of Munk’s visual centre whilst causing considerable 


1 y, Monakow. 4rch. f. Psychiatrie, Bd. xx. p. 714. 
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degeneration in the ventral nucleus of the external corpus geniculatum, 
causes a slight degeneration only in the dorsal nucleus. From a 
histological point of view any part of the cortex which is in direct 
connection with the external geniculate body may be considered as 
part of the visual’area, and we explain the absence of complete degene- 
ration in v. Monakow’s cases as a consequence of the ‘visual area’ 
removed in them, not being thie whole but only a part of the real visual 
_ The optic nerves and tracts. On the left side ‘the optic nerve near 
the chiasma had degenerated, leaving a connective tissue strand ;'a result 
known, from tle experiments of y. Gudden, Ganser and others, to 
occur after removal of the eye. 

The ‘anterior part of the chiasma was light brown on’ the left 
side; and this could be followed as a light brown strip along the 
lateral (anterior) edge of the left optic tract, the mesial (posterior) 
part of the left optic tract was white; this tract showed. no division 
- into bundles and was smaller than the right optic tract. | 

_ The right optic fract was smaller than normal, but was white to the 
eye; in passing up the side of the crus cerebri, it divided more obviously 
than normal into three bundles, a small posterior part partly covered up, 
which curved backwards along the ventral edge of the internal genicu- 
late body (the inferior commissure), a middle part running between the 
external and internal geniculate bodies, and there partly dipping under 
the anterior part, and an anterior pes rinning over the external 
groiculate body. 

In sections of the optic region, taken a little 
the chiasma, the left optic tract showed an almost completely de- 
generated portion (cf. Fig. 10); this included the lateral part, and a 
strip of the ventral part, the strip thinning away mesially. In passing 
backwards, the degenerated area disappears from the dorsal surface on 
the mesial half of the tract. In the part of the tract which curves 
dorsally from the lateral edge of the pes towards the corpora geniculata 
the tract was cut more or less parallel with the fibres, and the series 
of sections is not sufficiently complete to allow the degenerated and 
normal parts to be accurately followed. The degenerated portion of 
the tract contains a few medullated fibres, and for a short distance 
behind the chiasma, these may be seen running from the lateral edge 
of ‘the tract into the grey substance above. Normal fibres running 
from. the tract through the pes have been mentioned in connection — 
with the pes (p. 613), . 
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The right optic tract’ showed a rather diffuse degeneration in its 
posterior portion, this was not however traced to the oxvernel = ) 
geniculatum. | 

Besides the above regions of more localized degeneration, there were 
slight signs of degeneration throughout the whole of both optic tracts. 

_ With regard to the cause of the degeneration i in the optic tracts the 
following points may be mentioned, It is unlikely that the localized 
degeneration’ in the left optic tract is due to the disappearance of 
the grey substance of the pulvinar aud external geniculate body, — 
for in the only case in which a similar complete disappearance of 
these bodies has been observed, ‘viz. in that described by Langley, 
the optic tract although showing signs of some diffuse cease 
had no’ similar localized degeneration. 

~ It is conceivable that the section of the satis tract fibres running 
over the anterior part of the external: corpus geniculatum—and it will 
be remembered that that part was removed in removing the cortex— 
might lead to the degeneration of these fibres up to the retina, and this 
view would fairly account for the tract being degenerated in its anterior 
portion and perhaps for the apparently degenerated area in the opposite 
optic nerve. But this view, although ‘it is in accord with the results of 
_Ganser upon new-born rabbits, presents considerable difficulty. If 
section of optic nerve fibres in the adult causes degeneration of the 
fibres up to the retina, there can hardly be a doubt a similar de- 
- generation would occur on removal of the grey matter with which 
these nerve fibres are connected. In Langley’s case and in ours the 
only centre with which the optic nerve fibres could be connected 
was the anterior corpus quadrigeminum, and the number of nerve 
fibres remaining intact seem to us to be too great to make this 
view a satisfactory one. 

Lastly, the localized degeneration might be due to the removal of 
the left eye, the uncrossed bundle occupying broadly the lateral, the 
crossed bundle the mesial region of the tract. This would be in 
accordance with the experiments of Ganser on new-born rabbits and 
cats, and we are inclined to adopt it, although it is not in accord with 
the recent results of Singer and Miinzer, who find that the crossed and 
uncrossed bundles are intermixed. The condition of the anterior portion 
of the right optic tract shows, at any rate, that.if Singer and Miinzer’s 
results are well founded, the anterior lateral portion of the optic tract 
may lose all its crossed fibres, and in time give but a very. ee 
of degeneration having occurred in it. 
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Notwithstanding the degeneration of the left optic nerve, there is no 
obvious degeneration in any of the lower optic centres on the opposite 
side. A slight diminution in size might of course escape attention, since 
the centres on the left side with which comparison should be made were 
largely degenerated. According to Ganser and v. Monakow, removal 
of the eye in a new-born animal causes a more or less conspicuous 
degeneration in the lower optic centres. 

The right optic nerve has a small portion, which stains deeply in — 
carmine and contains no obvious nerve fibres. It forms a strip on the 
ventral side, projecting irregularly into the nerve (cp. Fig. 8); near the 
chiasma this apparently degenerated portion becomes more mesial (cp. 
Fig. 9). 

Gilman Thompson and Sanger Brown’ state that in dogs 
removal of a sufficient portion of the occipital region of the cortex on 
one side causes always complete blindness in the opposite eye, and hence 
they conclude that the optic nerve undergoes complete decussation. This 
conclusion is clearly a hasty one; for in dog (P), the whole of the left 
occipital region was removed, without causing blindness in the opposite 
eye. In this animal there was no difficulty in determining which eye 
was used in vision, since the left had been extirpated. 

_ The optic thalamus proper appears in carmine-stained sections to be 
formed of loose connective tissue containing some nerve fibres but no 
nerve cells or grey substance. The degeneration extends up to the — 
median line of the soft commissure and there stops abruptly. In sections 
stained by Weigert’s method the whole of the region shows a consider- 
able number of medullated fibres. The degenerated fibres are in the 
main, the continuation forward of the undegenerated part of the 
brachium of the posterior corpus quadrigeminum, joined by fibres 
from the anterior corpus quadrigeminum and ‘the dorsal part of the 
tegmentum; a few arise from the grey matter which lies ventrally 
of the optic thalamus, In dog (3) the median and anterior nuclei of 
the optic thalamus contain cells, in the rest of the optic thalamus 
they have disappeared. 

Nervous substance in the region of the optic thalamus. The posterior 
commissure has considerably degenerated ; the habenular ganglion has 
partially but not largely degenerated ; the taenia of the optic thalamus 
on the left side is a little smaller than on the right side; the central 


1 Researches of the Loomiss Laboratory, New York, 1800. (Quoted from abstract in | 
Centralb. f. Physiol. No. vu. P. 243, 1890.) 
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grey substance of the third ventricle, which lies mesially of the taenia 
of the optic thalamus is much smaller on the left side, but in its 
anterior part contains nerve cells. 

_ Below the level of the median commissure, there is no siowth of 
connective tissue, except that connected with the pes; and the nerve 
cells of the grey substance of the base of the brain appear normal. 


The descending pillar of the fornix is partially degenerated on the © 


left side. The corpora mammillaria, and the bundles of Vicq d’Azyr, 
were normal in appearance. From this it appears probable that the 
descending pillar of the fornix has its trophic centre in the hippo- 
campal lobe, and that the bundle of Vicq d’Azyr has its trophic 
centre in the corpus mammillare. 

Meynert’s bundle is apparently partially degenerated on both sides. 
In the dog these bundles can be readily followed to the ventral surface 
of the brain; they run, on either side close together in the posterior 
perforated space, to the inter-peduncular ganglion. This course agrees 
with that described by Forel and Ganser. In the inter-peduncular 
ganglion no degeneration could be observed. 

The corpus callosum and the anteriog commissure are both much 
smaller than normal, for some distance from the median line they con- 
sist of connective tissue; we have not attempted to follow these beyond 
the points where they cease to be separate bundles. Degeneration in 
the corpus callosum after removal of the cortex on one side has been 
described by v. Gudden, v. Monakow, and by Sherrington. 

Posterior longitudinal bundle. This is normal and presents no certain 
differences on the two sides. Since, as we have said, the left nucleus 
lenticularis had been completely removed, the absence of degeneration 
in the posterior longitudinal bundle adds another fact to those already 
known against the view that it arises from the nucleus lenticularis. _ 

In the parts of the brain and medulla oblongata not mentioned 

above, no degeneration could be detected. 
_ Pyramidal decussation. It was shown by Langley and Sherring- 
ton that in the dog a decussation of fibres from the sub-olivary tract, ie. 
of sensory fibres, takes place along the whole of the decussation of the 
fibres of the pyramid proper, the sensory fibres running laterally of the 
motor fibres, as far, at any rate, as the bottom of the anterior fissure. 
Both in dog (1) (Figs. 15 and 16) and dog (2) the same arrangement of 
the motor and sensory fibres is seen; in these, indeed, the lowermost 
part of the decussation shows no degenerated fibres. 

The pyramidal tract on the side opposite to the lesion shows signs of 
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degeneration; but the signs of degeneration, though distinct, are not 
very great. Thus with Weigert’s staining, the whole area of the 
lateral column is stained black, and normal medullated fibres are thickly 
placed throughout the region of the pyramidal tract. Since the opposite 
pyramid is completely degenerated, all the fibres of the pyramidal tract 
proper have of course degenerated also, and the appearances simply show 
that a considerable number of nerve fibres may degenerate in a mixed 
tract without leaving any adequate permanent indication of what has 
happened. The pyramidal tract on the same side as the lesion stains 
slightly deeper than normal, and the septa are a little thickened. 

Other parts of the cord. In the anterior columns, especially at the 
part near the anterior commissure, and in the posterior columns, there are 
a few fibres presenting the appearance of an early stage of degeneration. 


SUMMARY AND CONCLUSIONS. 


Removal of the cortex of one cerebral hemisphere with the exception 
of a portion of the hippocampal convolution, and of a part of the grey 
matter near the optic chiasma, combined with removal of one corpus 
striatum, causes complete degeneration of those nerve fibres of the pes 
and pyramid which run from the cerebral hemisphere to the medulla 
oblongata and spinal cord. 

The bundles of the pes of cortical origin have, running between 
them in all directions, a considerable number of fine medullated fibres 
connected with the substantia nigra and other grey substance in the 
neighbourhood of the pes. At the level of the internal corpus genicu- 
latum, bundles of such fibres curve through the mid region of the pes 
and round its dorsal border to join the optic tract, forming probably 
Meynert’s commissure. These fibres do not degenerate on removal of 
the cortex of one hemisphere and of the corpus striatum. 

After removal of one cerebral hemisphere, a few medullated fibres 
remain intact in the pyramid, chiefly in its dorsal part. Most of these 
are medium or rather large fibres, and since they are not seen in the 
pes above the pons, they do not come from the cortex of the brain. 
Possibly they are aberrant fibres of the fillet. 

In the dog the pes may broadly be considered to consist of two 
tracts, a lateral tract which degenerates on removal of the posterior 
portion of the cerebral cortex, and a mesial tract which degenerates 
on removal of the anterior portion of the cerebral cortex. 

A little above the pons, and in the pons, the two tracts become to a 
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greater or less extent intermixed ; in the pons a considerable part of the 
lateral tract probably occupies a ventral position in the pes. 

The fibres from the sigmoid gyrus and those from the sub-orbital 
lobe do not occupy separate parts of the mesial tract of the pes, although 
there may be a tendency for the fibres from the sub-orbital _ to be 
more numerous in the most mesial placed portion. 

A decussation of fibres of the sub-olivary layer (fillet) ‘aka place 
throughout the region of the pyramidal decussation. 

Removal of the cerebral hemisphere and corpus striatum on one side 
causes 

(a) Complete degeneration in the nerve cells, and diffuse grey 
substance of the nuclei of the optic thalamus of the same 
side, as described by v. Monakow in the new-born rabbits, 
but a certain number of medullated fibres remain through- 
out the region of these nuclei, The degeneration spreads 
up to the median line of the soft commissure; there is no 

appreciable degeneration of the grey substance ventral to the 
optic thalamus proper. The grey substance of the third 
ventricle which lies mesially of the anterior part of the taenia 
of the optic thalamus is smaller than normal, but contains 
nerve cells, There is some degeneration in the posterior 
commissure, the habenular ganglion, the taenia of the optic 
thalamus on the same side, and in both Meynert’s bundles. 

(b) Considerable diminution of the grey substance of the aqueduct 
in the region of the anterior corpus quadrigeminum; this is 
possibly not a direct but a secondary effect of the removal of 
the cortex of the cerebrum. 

(c) Great degeneration of nerve cells and of diffuse grey substance 
of the substantia nigra of the same side. 

(d) Slight diminution in size in the nucleus of the pons of the 
same side. 

(e) Some atrophy of the nerve cells of the descending root of the 
fifth nerve on the opposite side to the lesion. 

ty Degeneration of the corpus callosum and of the anterior 
commissure. 

The lesion above mentioned causes also, but, without doubt, in 
consequence of removal of the posterior part of the cortex :— 

(a) Complete degeneration of both dorsal and ventral nuclei of 
the external corpus geniculatum. This does not cause any 
considerable degeneration in the optic tract. 
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a) Complete degeneration of the nerve cells and diffuse grey 
substance of the internal corpus geniculatum; some normal 
medullated fibres still remain in its ventral portion. Great 
degeneration of both of these bodies has been observed by 
v. Monakow as a result of cortical lesions. 

(c) Some degeneration of the anterior corpus quadrigeminum as 
observed by v. Monakow and others. 

(d) Little or no degeneration in the posterior corpus quadri- 
geminum. 

(e) Some, but not great, degeneration in the anterior brachium of 
the posterior corpus quadrigeminum. 

The degenerations just described occur on the same side as the 

cortical lesion. 

In dog (1) there is almost complete degeneration of the anterior 


(lateral) part of the left optic tract, and more diffuse degeneration 


of the posterior part of the right optic tract; these degenerations are 
probably due to the removal of the left eye, and represent respectively 
the uncrossed and the crossed portions of the optic nerve. There is also 
a small degenerated strip in the right optic nerve. 

We have seen that in dog (1) there was, on the left side, no part of 
_ the cortex remaining except a small portion of the hippocampal convo- 
lution, and a little grey matter round the optic chiasma, that the left 
corpus striatum had been removed, and that the nerve cells of the left 
optic thalamus had degenerated. Notwithstanding this, it appears from 
Prof. Goltz’ account that the animal retained voluntary power over all 
its muscles, and could feel in every part of its body. 


EXPLANATION OF FIGURES. 


Pirate XIII. 


Alphabetical list of symbols of the convolutions and fissures referred to in 


the figures. 
A.C anterior composite convolution. 
A, E. Sy anterior ecto-sylvian convolution. 
a. sy anterior ecto-sylvian fissure. 
A, 8. G. anterior limb of sigmoid gyrus. 
A. SY anterior sylvian convolution. 
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COR. coronal or anterior supra-sylvian convolution. : 
cor. coronal or anterior supra-sylvian fissure. 4 
cr. crucial fissure. 
E. L. ecto-lateral convolution. 
EN.L.  ento-lateral convolution. 
H hippocampal convolution. 
‘7. inferior recurrent fissure. 
lat. lateral fissure. 
OL olfactory lobe. 
OR orbital convolution. : 
posterior composite convolution. 
p. th post-rhinal fissure, — 
pr.cr pre-crucial fissure. 
P.SG __ posterior limb of sigmoid gyrus. 
p. sp post-splenial fissure. 
P.SY _ posterior sylvian convolution. 
p. 8. sy posterior supra-sylvian fissure. 
PY. LZ pyriform lobe. 
rh. rhinal fissure. 
S.C. supra-callosal 
8. Or ‘supra-orbital fissure. 
S. SP. supra-splenial convolution. 
8. 8p supra-splenial fissure. 
SP. splenial convolution. 
sp splenial fissure. 
& 7 superior recurrent fissure. 
sy sylvian fissure. | 
Fig. 1. Brain of dog (2) to show the area of the cortical lesion. 


Fig. 2. Section through the right optic thalamus of dog (3) drawn from 
a specimen stained by Weigert’s method and magnified about twice. The 
large gap (a) in the optic thalamus includes the region of the anterior part of 
the external corpus geniculatum. (By mistake the Fig. is drawn askew. The 
line from hab. gang. downwards to the line of — of the two optic 
thalami.) 
The unshaded portion showed neither nerve fibres nor nerve ok 
hab. gang. habenular ganglion; above it the taenia of the optic thalamus; 
from it mesially issue some fibres to Meynert’s bundle. _ 
optic tract, having no localized degenerated part. 
descending cornu of lateral ventricle. 


op. tr. 
d.c. l. v. 


H, Hippocampal lobe. | 
The pes contains numerous medullated fibres except in its extreme lateral 
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portion, where normally it is continuous with the internal _— in the 
latter and in the ‘gitterschicht’ are many gaps. 


The rest of the figures are from the brain of dog (1). 
Fig. 3. Brain from the medial side. : 
ol, olfactory tract. 
p.c.q. posterior corpus quadrigeminum. 
(a) portion of the cortex remaining on the left side, cp. Text, p. 610. 
The lines 5, 6, 7 indicate the planes of the section of the brain from which 
Figs. 5, 6 and 7 are drawn. 


Fig. 4. Brain from below. | 
In figures 5, 6 and 7 the parts filled in with short thick lines consisted of 
connective tissue only, the dotted parts contained grey nervous substance. 


Fig. 5. On the left side, the small remaining portion of the hippocampal 
convolution is seen. ‘The dotted part contains only grey substance. A little 
anterior to this section H, becomes continuous with a trifling remnant of the 
pyriform lobe. The optic tract (op. tr.) is seen curving over the degenerated 
pes and internal corpus geniculatum. The anterior corpus quadrigeminum 
is smaller on the left than on the right side; the grey substance of the 
aqueduct is partially atrophied and much distorted in shape on the left side. 

a.c.q. anterior corpus quadrigeminum, 

e.¢.g. external corpus geniculatum (posterior surface seen). — 

i.¢.g. internal corpus geniculatum. 

op. tr. optic tract. 

C. connective tissue. 


_ Fig. 6. This section passes through the optic thalamus. Owing to the 
considerable distortion which has taken place, the anterior part of the optic 
tract is cut through on the right side, whilst on the left side the anterior part _ 
of the optic chiasma is cut through. 

_ The corpus callosum (marked with short lines in the figure) was to the 
eye grey and degenerated ; with this exception, the whole of the right side of 
the cortex was normal in appearance though the upper convolutions had shrunk 
from the median line. On the left side the part of the optic thalamus, shaded 
in short lines, contained few or no nerve cells, nnonen containing some 
medullated nerve fibres. 

S.C’. remains of supra-callosal convolution on left side, 


Fig. 7. Section passing a little in front of the optic thalamus ; showing 
the fragments of cortical substance (2 and S.C’.) remaining on the left side. 
Owing to the shrinking which has taken place in the fragments on the left side, 
the left descending pillar of the fornix is immediately behind the section. 
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_ Fig. 8. Section of right optic nerve : the shaded portion contains scarcely 
any nerve fibres. 


Fig. 9. Somewhat section at begirining of the chiasma : 
degenerated nerve of the left side is not drawn, the shaded ~ einer 
with the shaded si of wg 8. 


Pare XIV. 


Fig. 10. Section through the optic thalamus, a little behind the plane of 
Fig. 6 (Weigert stain), to show degenerated, and undegenerated portions 
of the optic tract in this region. 

_V.@A. bundle of Vicq d’Azyr. 
PY. L. remnant of pyriform lobe. 
3 V. third ventricle. 
The connective tissue scar stretched along the lateral surface of the section 
from ato }b. The optic thalamus consisted of loose connective tissue traversed 
by a fair number of medullated nerve fibres. 


11. a.c.g. anterior corpus quadrigeminum. 

i.c.g. internal corpus geniculatum, on the left side this has 
degenerated and contains no nerve cells. 

op. tr. posterior strands of optic tract ; from this, nerve fibres run 
through the pes and round its lateral edge. The most 
lateral part of the pes on the left side forms the deeply 
staining mass of connective tissue shown in the figure, 

br.p.c.g. brachium of posterior corpus quadrigeminum, 

degenerated on the left side. 

M.b. Meynert’s bundle. 


Fig. 12. (Weigert’s stain.) The longitudinal fibres of the pes of cerebral 
origin have degenerated ; a small bundle of normal fibres is shown at (a), and 
others stretching down into the pes from the region of the substantia nigra. 
On the normal (right) side, the longitudinal bundles of the pes are 
diagrammatically represented by dark circles; further the substantia nigra 
and its extensions into the pes, are made lighter in tint than they actually 

p.¢.q. posterior corpus quadrigeminum. 
III. third nerve. 


Fig. 13. On the left side the degenerated bundles of the pes are shown; 
with this magnification, they are not readily distinguished from the grey 
substance of the nucleus of the pons lying on either side of them. 
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__ Fig. 14. Section at the level of the trapezium, stained by Weigert’s a 
method, showing the degenerated and normal pyramids, The left pyramid ae 


does not show with this magnification any indication of normal nerve fibres, © = t 


inferior olive, | | 
Fig. 16. Section close to lower end of pyramidal decussation ; a remnant 
of the sub-olivary layer is still seen, | i 
The pyramid bundles are degenerated on the left side in this andinthe = ff, 
preceding section. The decussating fibres of the pyramid (decus. py.) are, for ‘ 
convenience, given the same tint as the grey substance, 3 


Fig. 15. Section towards lower end of pyramidal decussation, and of the ss 
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PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 
1890. No. I. 


University February 15. 


By Drs RINGER and Sainsbury, “On the influence of certain ~~ 
upon the act of clotting.” 

The experiments have been made with blood, with milk and with 
pathological fluids, the salts used being the chlorides of lime, strontium 
and barium, and of potassium and sodium. The analogy between the 
congealing of blood and rigor mortis and between the latter and 
muscular contraction led to the comparison of the first and third of 
these processes, the inference being that certain salts which had a 
definite relation to the act of contraction would have a similar relation 
to the act of clotting. 


Results :—-(1) confirmation of Gree n’s statement that lime is essen- 
tial to clotting of blood, 

(2) determination that calcium chloride powerfully favours clotting, 
and therefore that the action is not confined to the calcium sulphate as 
stated by Green, 

(3) conclusion from the experiments of Green, Latschenberger and 
ourselves that this action — to salts of lime in general, 
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(4) discovery that salts of potassium and sodium exert a strong 
restraining influence on — the potassium effect being less than the 
sodium effect, 

(5) antagonism of salts of lime on the one hand and salts of potassium 
and sodium on the other, 

(6) action of chlorides of strontium and barium like that of chloride 
of calcium but less powerful. | 


Communications were also made e by Drs_ HALLIBURTON, Morr, 
SHERRINGTON. 
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PROCEEDINGS 
PHYSIOLOGICAL SOCIETY, 
1890. No. II. 


CAMBRIDGE. | March 15th. 


1. Dr SHERIDAN LEA and Mr W. L. Dickinson, “ Note on the 
mode of action of Rennin and Fibrin-ferment.” Experiments were 
demonstrated to the Society which the authors had made in order to 
test some recent statements made by Fick’. Having warmed some 
milk to 40° in a test tube 2 cc. of active rennin solution were — 
introduced beneath the milk by means of a very fine glass tube. 
After two hours’ digestion at 40°, the clot first formed at the junction 
of the ferment solution and milk was shown not to have extended more 
than 1 c.m. up the milk. Similar experiments with dilute salt-plasma 
and fibrin-ferment gave similar results; a firm clot of fibrin was found 
at the junction of the ferment-solution and plasma, but did not extend 
more than 1 c.m. upwards through the plasma. From their experi- 
ments the authors concluded that Fick’s views are not correct and — 
that the mode of action of rennin and fibrin-ferment is like that of 
other ferments. 


Pfliiger’s Arch., Ba. xiv. 8. 293. 
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2. Prof. Halliburton made on behalf of Dr RINGER the following 
communication on the action of salts on casein. 

Casein dissolves freely in lime water. 

It dissolves slowly ; and requires two to three days before solution 
‘is completed. 

The addition of one drop of 10°/, solution of calcium chloride to 
10 c.c. of filtered solution cooled to about 0° C. causes slight turbidity. 

If the test tube is then placed in a warm bath between 40° and 
50° C. the fluid quickly becomes milky, first on the top and then the - 
milkiness extends downwards through the whole of the fluid. 

If the test tube is replaced in iced water, the cloudiness disappears 
and the fluid becomes quite clear again. | 

If two drops are added to this 10 c.c. the fluid is made only slightly 
cloudy, but on placing the tube in the warm bath the fluid becomes 
very milky and either deposits a large quantity of curd, or sets into a 
jelly. 

On replacing the test tube in iced water, the clot dissolves and the 
fluid becomes quite clear again. 

On returning the tube to the warm bath, the fluid again becomes 
milky, or clots according to the quantity of CaCl, solution employed, 
and on again replacing the tube in iced water the fluid — 
clears a second time. 

This effect of heat and cold can be repeated many times. 

The addition of 3, or 6 or 9 drops to 10 cc. causes an abundant 
curdy deposit, and often this sets into a firm clot, having all the 
appearance of the clot in milk produced by rennet. 

If the tube is then placed in a bath of 40°, the clot rapidly contracts 
and becomes firmer. 

Many lime salts are more soluble in cold than warm water. 

These reactions suggest that on adding calcium chloride, caseate 
of lime forms, which behaving like a lime salt is less soluble in hot 
solution than cold. Hence on warming the test tube the upper part of 
the fluid first becomes turbid and milky as the hotter part of the fluid 
rises to the top of the fluid. 

Again, when the whole fluid has become quite milky or has set into 
a firm jelly in the warm bath, on cooling the tube in iced water, the 
clot dissolves and the milkiness quite disappears. | 

I prepared casein by adding commercial rennet to milk and placed 
the beaker in warm water for four to five hours. After pouring off the 
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whey, I washed the clot any. times with distilled water and oa it 
covered with water. 


3. Dr G. N. Stewart showed a bolometer or electrical thermometer 
t which he had used for measuring the temperature of the skin, and 
: described a method of directly measuring the heat given off in respira- 
tion. He also gave a short account of some experiments on the 
electrolysis of animal tissues. | 


Communications were made by Messrs Roy ADAMI, 
LANGLEY and DICKINSON, HANKin, HUNTER, and RANSOM. 
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Professor GERALD YEO showed some tubes containing blood, much 
diluted, which had been sealed up with anti-septic precautions six 
years previously. In thirteen tubes the bands characteristic of oxy- 
haemoglobin were still visible. | 


Prof. HaLLIBURTON made a preliminary communication on the 
proteids contained in liver and kidney cells. He had found that the 
proteids obtainable belonged almost exclusively to the class of globulins. 
The nucleo-albumin which he had previously described in lymph-cells 
was absent from liver cells, but present in kidney cells, No evidence 
of true myosin or myosinogen was found in either. Although portions 
of the fresh tissues were found to hasten the coagulation of salted 
blood-plasma, and of hydrocele and pericardial fluids very considerably, 
this power was destroyed at a fairly low temperature, and all attempts 
to prepare fibrin-ferment from the cells by Schmidt’s alcohol method - 
failed. 
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- Messrs CopEMAN and SHERRINGTON demonstrated a method intended 
to determine the quantity of blood in a living animal. In a rabbit, 
anaesthetized with chloral and chloroform, the right cervical sympathetic 
was divided ; a drop of arterial blood taken from the right ear was then 
shown, by the method of Roy’, to be of a certain specific gravity, (in this 
experiment 1°0520); 30 c.c. of ‘75 NaCl solution having a specific gravity 
of 1:0046 at a temperature of 38°C. were then injected into the ex- 
ternal jugular vein in 15”. 30" later a drop of arterial blood was agaiu 
taken from the right ear and the sp. gr. of it estimated as before 
(found in this experiment to be 1:0470). The weight of the animal 
before the injection was 3572 gram.; no solid food had been given for 
30 hours before the experiment. On two assumptions, (i) that the 
blood and injected fluid were thoroughly mixed together in the 

"—45'", (ii) that only a neglectable quantity had escaped from the 
circulation in 30”—45” the calculation ran as follows: 


30. 1:0046 + 1:0520 = (30 + x) 10470, 

a= 254°4 c.c. weighing 267°6 grm. 

= of body weight. 
It was urged that the method gave results which were at least reliable 
for comparison one with another. Working with it, it was found that 
young animals possess relatively to body weight a larger quantity of 
blood than adult animals, and that in a period of abstention from food 
—water being allowed—the amount of blood relatively to the body 

weight increases very largely. _ 

Experiments on dilution of the circulating blood were also adverted 
to. 30c.c. of saline solution (normal) injected quickly, ie. in 20” per 
venam (ext. jug., submental, ant. tarsal), appears to become thoroughly 
mixed with the circulating blood in 30”—45” (rabbit). Physiological 
saline solution thrown into the circulation is removed from it with 
very great rapidity—e.g. 30 c.c. injected into the circulation of the 
rabbit may almost completely disappear from it in ten minutes’ time. 
This immediate disappearance does not take place to any great extent by 
the kidneys—the rate of removal not being appreciably less rapid after © 
taking the kidneys out of the circulation. The rate of removal is 
hardly appreciably altered by cutting the limbs out of the circulation, 
nor by section of the spinal cord behind the bulb. By continuous 
injection of “normal” saline solution the sp. gr. of the blood may be 

, 1 These Proceedings, 1884. 
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kept for an hour at 1030, the normal being 1-055, without production of 
any obvious signs of circulatory, respiratory, or other distress; naturally, 
the urinary, intestinal and other secretions become greatly increased 
and of a watery character. Haemorrhage causes a fall in the 
sp. gr. of the blood, the sp. gr. reaching its lowest 20—30 minutes 
after the haemorrhage. Division of the spinal cord behind the 
bulb also causes a fall in the sp. gr. of the blood, this fall is 
slight and reaches its full extent almost immediately. By injection 
of a strong solution of sugar or NaCl the sp. gr. of the circulating 
blood may in a few minutes be lowered by 20 degrees. 100 cc. of 
water placed in the peritoneal cavity of a rabbit may disappear from 
it completely in eight hours without a lowering of sp. gr. of the 
circulating blood, except to the extent of half a degree for a varying 
number of minutes immediately after the placing of the fluid in the 
peritoneal cavity; the water is however during the eight hours largely 
if not entirely got rid of in the urinary and intestinal secretions. The 
sp. gr. of blood from the jugular had on many occasions been compared 
with that from the carotid, but had never been observed to differ from 
it by more than so slight an extent as to leave the matter dubious. 
On the other hand the blood of the splenic vein had on several 
occasions been found to be of a higher sp. gr. than the arterial blood ; 
also on several, but fewer, occasions the blood of the renal vein had 
been found to be of lower sp. gr. than the arterial blood. In an area 
in which there is obstruction to the circulation from the venous side 
the blood rapidly becomes of high sp. gr. and may be found 20° higher 
than before the obstruction. A very constant effect of operative 
interference with the peritoneal cavity is a heightening of the sp. gr. 
of the circulating blood; the mere opening of the peritoneal cavity 
through the linea alba may be followed by an increase of the sp. gr. of 
the blood to the extent of six or seven degrees, this increase reaching 
its maximum a variable number of hours after the operation. Absten- 
tion from food except water, at first causes a diminution in the sp. gr. 
of the blood; later the sp. gr. of the blood increases and becomes in 
time considerably above its normal as observed before the commence- 
ment of the period of abstention. 


Professor SCHAFER made a communication respecting the condition 
of the serum of the blood of the splenic vein as regards the presence or 
absence of free hemoglobin, The observations were made for the 
purpose of testing the statement which occurs in many text books of 
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physiology (the origin of which appears to be obscure) that the blood 
plasma of the splenic vein normally contains free haemoglobin. The — 
method adopted was to allow the blood to flow directly from the vein 
into a carefully cleaned and previously superheated glass tube within — 
which it was allowed to coagulate, and after the shrinking and sub- 
sidence of the clot the serum was then examined with the spectroscope. 
In every case a control tube. of arterial blood of the same animal was 
taken at the same time. The blood of a large number of animals of 
different kinds (rabbit, cat, dog, monkey), killed at various stages of 
digestion, has been in this way examined in the course of the last two 
years with the result of proving that free hemoglobin is normally 
absent both in the blood-plasma of the splenic vein and in that of 
arterial blood. In some of the experiments the serum from both 
sources was found to be slightly coloured with free hemoglobin, but 
not more so in the case of that derived from the blood of the splenic 
vein than in that derived from the general arterial blood; indeed 
there was sometimes a preponderance in favour of the arterial serum. 
Professor Schafer stated his opinion that such colouration is not normal 
but is due to the setting free of some of the hemoglobin by a 
destruction of red corpuscles resulting from an accidental cause, which 
in these experiments was probably to be looked for in the chloroform 
or ether which had been administered as an anesthetic. 


4 
4 
+3 
7 
4 
i 
} 
» 
4 
% 
a 
% 
‘ 


PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 
1890. No. IV. 


PHYSIOLOGICAL LABORATORY OF THE UNIVERSITY, OXFORD. 
June 28. 


1. Drs HALDANE and LORRAIN SMITH made a communication, with 
demonstration, on air vitiated by Respiration. They had been unable 
to obtain evidence of the presence of any poisonous organic or other 
substances in air vitiated by the respiration of man or of rabbits. Air 
vitiated to the extent of 4 or 5°/, of carbonic acid causes marked hyper- 
pnoeea in man, provided there is no hindrance by valves &c. to respira- 
tion. This hyperpneea is, in accordance with older views, due to excess 
of carbonic acid, and not to defect of oxygen. The authors are investi- 
gating the action of carbonic acid in the regulation of respiration. 


2. Dr BEEvor gave a demonstration of the Cingulum—the longi- 
marmoset monkey. The brains had been cut into serial sections in 
four different planes, viz.—sagittal, horizontal, frontal, and fronto- 
oblique, and stained by Weigert’s or Pal’s hematoxylin methods, 
and the sections were projected on to the screen. The marmoset’s 
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brain was chosen, as being high in the animal scale, small, and for 


the smoothness of its cortex; the absence of a calloso-marginal sulcus 


was shown in frontal sections to enable the ultimate course of the fibres 
of the cingulum to be readily traced. 

The fibres of the cingulum were described in three parts, (1) hori- 
zontal above the corpus callosum, (2) anterior in front of the corpus 
callosum, (3) posterior, from behind the splenium of the corpus callosum 
to the anterior end of the temporo-sphenoidal lobe. 

The cingulum does not consist of fibres extending continuously 
from the anterior perforated spot in front nor through the gyri fornicatus 
and hippocampi to the anterior end of the temporo-sphenoidal lobe, but 


of internuncial fibres, which course along the cingulum only for a short — 


distance ; it is therefore made up of a series of internuncial fibres. The 
horizontal part receives fibres from the isthmus of the gyrus fornicatus, 
they pass forwards along the cingulum for a short distance and then turn 
upwards into the centrum ovale (owing to the absence of the calloso 
marginal sulcus the whole of this arrangement can be seen in one 
sagittal section). The anterior part receives fibres from the extreme 
frontal cortex, which pass along the cingulum to the olfactory nerve. 
The posterior part receives fibres from the superficial fibres of the 
gyrus hippocampi (external medullated layer, kernblati) which run 
forwards along the cingulum and then turn downwards into the cortex 
on the inferior surface of the temporo-sphenoidal lobe. No connection 
can be made out between this part of the cingulum and the nucleus 
amygdale in the hippocampal lobule, as was considered to be the case 
by Broca. It was pointed out that in the horizontal part, the cingulum 
connects the gyrus fornicatus—removal of which has been found by 
Profs. Horsley and Schafer to produce anzsthesia—with the part 
of the centrum ovale lying beneath the so-called motor cortex. A 
sagittal section of a monkey’s brain was shown, in which Prof. Horsley 
had divided the cingulum in the gyrus fornicatus, and in which degene- 
ration backwards was found, i.e. towards the gyrus fornicatus. 

The calcarine fibres, ie. the fibres in the cortex bounding the 
calcarine fissure, were shown to be analogous in arrangement to the 
cingulum, inasmuch as they connected this cortex: with the centrum 
ovale in the occipital region. 

The superficial fibres of the gyrus fornicatus (nerves of Lanoisi) 
which have been described as part of the cingulum were found to be 
separated from the latter by grey matter, and also to be continuous 
with the superficial fibres of the gyrus hippocampi. 
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3. Messrs GotcH and HorsLey demonstrated the excitatory elec- 
tromotive change produced in the spinal cord by excitation (1) of the 
sciatic nerve, (2) of the cut columns of the cord itself. The cord was 
exposed in the etherised animal at the level of the 8th dorsal vertebra ; 
it was then divided and the peripheral side of the section freed from 
its attachments, raised from the spinal canal and connected by thread 
cables soaked in *6°/, saline with a pair of unpolarisable electrodes : 
one cable being in contact with the cut surface, the other with the 
longitudinal surface one centimetre below. The usual difference, 
amounting to about ‘025.D, was present between the two contacts, 
the cut surface being galvanometrically negative to the longitudinal. 
(1) On exciting the left sciatic nerve for five seconds with the inter- 
rupted induction current (Helmholtz side wire) at a rate of 100 per 
second, a marked negative diminution of the difference was produced. 
This excitatory effect was diminished by two-thirds when the experi- 
ment was repeated after section of the left posterior column at about 
the level of the 1st lumbar vertebra. (2) The cord was again divided 


at about the level of the 1st lumbar vertebra and the central ends of 


the various columns excited, where the section exposed them, with the 
same stimulus as in experiment (1). An excitatory diminution of the 
resting electromotive difference in the cord followed the excitation of 
the different columns, its amount varying with the point of application 
of the excitation, but owing to exposure the excitability of the cord 
became raised and the differential results consequently confused. 


4. Dr Mac Munn showed a specimen of urine of a very deep 
Burgundy-red colour obtained from a woman aged forty under the 
care of Mr Jenkins and Mr Cant of Lincoln. She has been suffering 
from Exophthalmic goitre (Graves’s disease) for about three years, and 
during this time and previous to the onset of the goitre she has passed 
this high-coloured urine from time to time. Mr Cant found an excess 
of leucocytes in the blood and the hemoglobin diminished to 40 per 
cent. of the normal. The red corpuscles counted with the hemo- 
cytometer were found by him to be 2,250,000 per cubic millimetre. 
There is some patchy pigmentation of the skin resembling Addison's 
disease and occasionally pemphigus, the bulle being filled with a red 
fluid of alkaline reaction. 

This urine, like two other specimens obtained from Dr Copeman 


‘but without any history, owes all its deep red colour to a kind 


of hematoporphyrin, giving without any treatment a spectrum 
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like that of urohematoporphyrin’. No oxy- or met-hemoglobin could 
be found, nor did the urine contain any detectable proteid. 
On agitating the acidulated urine with chloroform only pathological 
urobilin went into the latter, but the hematoporphyrin was isolated by 
the lead method’. | 
On merely adding one drop of sulphuric acid to some of the urine 
itself a spectrum like that of acid urohematoporyhyrin can be well 
seen, and the addition of a little ammonia brings out the bands of the 
alkaline pigment. This pigment is probably intermediate between 
urohematoporphyrin and hematoporphyrin. The remarkable points 
about the case are the very large amount of pigment excreted, pointing 
to an excessive destruction of hemoglobin, and the retention within 
the body of its proteid constituent, the colouring matters _— 
undergone very energetic metabolism. 


5. Professor BURDON SANDERSON showed. photographic measure- 
ments of the period of latent stimulation (mechanical delay) of the gas- 
trocnemius and sartorius when stimulated directly, and of the electrical 
delay in the gastrocnemius when stimulated indirectly. The photo- 
graphs showed that in both cases the period was less than three 
thousandths of a second, the electrical and mechanical responses being 
sensibly coincident. 


6. Professor RoMANES showed heliotropic experiments on growing 
plants. | 


were also made by Mr F. J. Smirn, and Mr 
P. C. 


1 Journ, of Physiol., Vol. x. Nos, 1 and 2. 
2 Journ. of Physiol., loc cit. 
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LABORATORY OF THE ROYAL COLLEGES OF PHYSICIANS AND 
SurGcEons, Lonpon, November 8th. 


1. Dr G. N. Stewart demonstrated, (1) A NEW METHOD OF 
MEASURING THE VELOCITY OF THE BLOOD. 

The principle of the method consists in impressing upon the blood 
at any part of its course an alteration which will travel with the velocity 
of the blood-stream, and be capable of easy recognition at any other 
part. Hering’s method of measuring the duration of the circulation 
by the injection of ferrocyanide of potassium is a particular case of the 
application of this principle. | 

It occurred to the author in the course of some experiments on 
“ Electrolysis of Animal Tissues” (Memoirs from the Physiological 
Laboratory, Owens College, 1890) that there was no property ‘of the 
blood which could be so easily and harmlessly altered, nor in which an 
alteration could be so easily detected, as the electrical resistance. The 
conductivity of blood is due chiefly to the small quantity of inorganic 
salts which it contains. A very small addition to the salts at any part 
of the blood-stream is therefore enough to cause a considerable local 
increase of conductivity. All that is necessary then is to cause this 
local alteration and to detect it as it travels, But the detection ofa 
change of resistance is one of the easiest operations in the whole range 
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of Physics. In a conductor like a full blood-vessel part of the current 
must pass through the blood. Accordingly, it is not necessary to open 
the vessel in order to detect the change of resistance. This is a point 
of importance, for it at once does away with the necessity of injecting 
substances to keep the blood from coagulating. 

A cannula is tied into a vein (any vein will do, and the more un- 
| important it is the better) and connected with the a apparatus, 
a@ syringe, pressure bottle, or burette. 

Two pairs of non-polarisable electrodes, the realaiuion of which 
should be as small as possible, are arranged at any two parts of the 
vascular system, the duration of the circulation between which is to be 
measured. The vessels are here insulated from the surrounding tissues 
by slipping strips of thin sheet gutta-percha beneath them. Each pair 
of electrodes is connected with a separate galvanometer of suitable 
resistance, and the balance of the Wheatstone’s bridge is found with a 
current which is too weak to stimulate excitable tissues in the vascular 
walls, A definite small quantity of the saline solution is now injected 
into the vein. A column of blood of conductivity above the normal now 
moves on with the normal velocity, and gives tidings of itself at the 
electrodes by a deflection first of one galvanometer and then of the other. 
The interval between the beginning of one deflection and that of the 
other is the time which the blood takes to pass from any cross-section 
of the piece of vessel included in the first circuit to the corresponding 
section of the second ; ; strictly speaking this presupposes that the galvano- 

‘meters are similar, and that in fact the two circuits are in all respects 
alike (distance between electrodes, length of vessel insulated on each 
side of electrodes, determining the amount of the branch current which _ 
passes by the tissues as a whole, and relative proportion of section of 
vessel wall to section of blood-stream). By a little care it is easy to 
avoid any possible small error due to dissimilarity of the two circuits. 
The closer the electrodes of each pair are to each other the better, 
provided that their resistance is sufficiently small. 

Instead of the galvanometer the capillary electrometer has also been 
used to detect. the arrival of the altered blood. 

The actual measurement of the interval may be done in various ways. 


If it is long, e.g. the total duration of the circulation in an animal, or. ” 


even the duration of the circulation through a limb, or through the 
lungs, brain or kidney, approximate results may be got by counting with 
the metronome; and very fairly constant readings may be obtained, 
evea with a single pair of electrodes and a single galvanometer, of the 
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time which the blood takes to travel from the point of injection to any 
given point. For example, the time in a rabbit of 2700 grammes 
weight was, 


From right jugular vein to right femoral artery, 
7°5 seconds. 
From right jugular vein to left carotid artery, | 
6°5 seconds. 
6 
From right femoral artery to left carotid site 
10 seconds. 
Here no account is taken of any “loss of time” by the galvano- 
meter, 

A much closer approximation can ‘be matie by opening the circuit of 
an electromagnet at the beginning of the first deflection and closing it 
at the beginning of the second, a trace being taken on a drum above the 
trace of a time-marker. Here it is assumed that the observer's reaction 
time is fairly constant. When a single galvanometer is used the tap of 
the injecting apparatus may be made to open the circuit of the electro- 
magnet, or the observer may do so on a verbal signal from the aia 
managing the injection. 

Where the time to be measured is much shorter, as in measuring 
the velocity in a single vessel, a method of registration which the author 
had not hitherto been able to use would be required, and he hoped beforé 
long to get together apparatus for photographing the deflection. For 
this the capillary electrometer had obvious advantages. 

The special advantages of the whole method seem to be 


(1) The vascular system is preserved intact except at one point, 
which may be so chosen that there is scarcely any disturbance 
of normal conditions ; and this point may be varied according 
to the design of the experiment. 

(2) The only substance introduced into the blood is a small 
quantity of a harmless salt, which is already present there 
in much greater quantity, and which is moreover rapidly 
eliminated. 
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(3) In consequence of (1)‘and (2) the animal survives indefinitely. 


(4) The observations may be taken very rapidly. As soon as one 
_ is over the animal is ready for the next, and a practically 
unlimited number may be made on the same animal. 


(5) The method lends itself especially to determining the duration 
of the circulation in individual organs or tissues under different 
conditions ; and to the comparison of that duration in two organs” 
of the same animal, under normal conditions or which have been 
placed under different conditions (as to vasomotor regulation, 
e.g. by section or stimulation of nerves going to one), or in two 
organs which have been placed under the same abnormal 
conditions (drugs circulating in the blood, e.g. or section or 
stimulation of nerves going to both). 


(6) It is specially suited for small animals. In fact the smaller a 
vessel is, so long as the circulation is not hindered by the 
pressure of the electrodes, the better does the method succeed. 


Hitherto solutions of sodium chloride, varying in strength from 5 
to 10 per cent., have been used for injection. For a large rabbit about 
$cc. of the solution has been injected at a time, when the injection was 
into the jugular. The salt in this case is of course. diluted almost 
instantly in the right side of the heart. With this amount the galvano- 
meter deflections, when the electrodes were placed on carotid or femoral 
artery, have been prompt and large, right off the scale in fact. (In the 
demonstration the arrangement was less sensitive than that employed 
in the actual experiments, and the deflections therefore less.) 

The quantity of salt injected at a time should be proportional to 
the quantity of blood in the animal, and it is important to put it in as 
concentrated a solution as possible without running the risk of stimula- 
ting muscular fibres or nerves. 

Some experiments have been made by this method with the view of 
extending our knowledge of the vasomotor regulation in muscles and in 
the brain, and it is intended to proceed with these, and to extend them 
to the kidneys ‘and lungs, and if possible to other organs. 


(2) A METHOD OF ESTIMATING THE AMOUNT OF INORGANIC SALTS 
IN SMALL QUANTITIES OF BLOOD. 


The author has worked out a method which would enable us to 
determine with fair accuracy the total inorganic material in such small 
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quantities of human blood as are usually available. The method 
depends upon two facts: | 
os 1) That so far as its electrical resistance is concerned blood is 
practically a dilute solution of the inorganic salts in it. 

(2) That in dilute solutions of a single electrolyte, as Kohlrausch 
has shewn, the resistance is inversely proportional to the 
strength of the solution. 

If we could assume that when the total amount of inorganic material 
in blood varies, the relative proportions of the different saline constituents 
do not vary, then it. would be sufficiently accurate for the purpose to 
determine the inorganic material once for all by incineration, and to 
measure the resistance of a standard tube of the same blood. The 
relation between resistance and ash would then enable us to calculate the 


latter from the former in any other case. If we wished to go behind — 


the ash and to inquire how much of it existed as such in the blood, the 
knowledge of the resistance would not help us much, although we knew 
that when we took the resistance as the measure, the iron of the 
hemoglobin, and probably the phosphoric acid derived from the lecithin 
were actually eliminated from the determination. 

Although we could not make the above assumption as to the wliabes 
proportions of the salts remaining the same, it was easy to see from a 
consideration of the ionic velocities and atomic weights of the elements 
Na, K, and Cl, which make up the chief part of the salts, that even with 
considerable variation in the relative amount of the different salts the 
resistance would still correspond very fairly to the amount of inorganic 
material. 

So much for theory. To get experimentally an idea of the limits of 
error the resistance and the ash of various samples of rabbit’s blood 
were determined, and the conclusion was that the method was sufficiently 
reliable to yield useful comparative results in the case of human 
blood. 

For the actual measurement of the resistance thick-walled glass tubes 
with fine and uniform internal bore were used. For galvanometer 
measurements the tubes had two small holes filed so as to open the bore. 
_ These-holes were at a distance of about 15mm. A single drop of blood 
was drawn up into the tube, the holes having been first closed with a 
little clay made up with normal saline solution. The column of blood 
was made to fill the interval between the holes. The tube was then 
laid on non-polarisable electrodes of small resistance, the clay covering 
the holes being in contact with the clay of the electrodes. It was 
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balanced against a similar tube containing standard 75 per cent. salt 
solution. This was to eliminate the effect of temperature on the — 
resistance as the temperature coefficient, which is very great in electro- 
lytes, is approximately the same in all watery solutions of salts, and it 
seemed simpler to do it in this way than to keep the temperature the 
same at every measurement. 

With another set of tubes measurements were made with the 
capillary electrometer. Here platinum wires permanently fixed into 
the tubes could be used, which had the advantage of greater uni- 
formity. 

So long as the results are stated in terms of the resistance or in 
terms of the percentage of sodium chloride to which that resistance 
corresponds, there is no room for error; and comparisons between the - 
blood of a healthy individual at different times, or when the diet is as 
much as possible free from salts, or when ‘salts are taken in excess, or 
after exercise, and especially after copious sweating &c., and between the 
blood of patients suffering from different diseases, can be made with 
confidence. 

When we wish to state our results in terms of the total inorganic 
matter in the blood more caution is necessary, but even here the 
maximum error which can probably arise in the estimation of the 
inorganic salts in 10 to 15 milligrammes of blood, i.e. in the estimation 
of a quantity of not more than ‘1 to ‘15 milligrammes, is not above 5 
per cent. With simpler animal liquids, and especially with liquids in 
which the qualitative fluctuations are narrow and the quantitative 
large, greater accuracy is possible. Again, where still smaller quantities 
than 10 milligrammes must be worked with, the method:does not fail. 
The inorganic salts have been determined by this method, with a very 
fine capillary tube, in ‘1 ofa milligramme of blood, and in a correspond- 
ing quantity of saliva, to less than 2 per cent., ie. a quantity of not 
more than the thousandth of a milligramme has been estimated to less 
than a fiftieth of its amount. Of course in the case of blood and 
saliva there is no advantage in using such a small quantity as ‘1 of 
a milligramme. 

The method is applicable to other liquids than blood, provided 
that 

(1) The conductivity is entirely or almost entirely due to the 

inorganic salts. Bile would not fulfil the condition becanse of 
the bile salts, nor would urine because of the urea, &c. But 
saliva, aqueous humour, tears, and perhaps sweat would. 
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(2) That the fluctuations in the relative amount of the different 
inorganic constituents are small, or do not affect the con- 
ductivity much when the — amount of salts remains un- 

(3) That preliminary incinerations can be made to get the curve of 
relation between conductivity and amount of salts. | 

(4) Where there is too small a quantity of a liquid for incineration 
a fair idea of the amount of inorganic salts may be got, if the 
qualitative composition is roughly known. 

The quantity of blood in an animal can also be esitisnnaed by 

measuring the resistance of a drop of blood taken from a vessel, then 
injecting a given quantity of sodium chloride, which need not be more 


than gq) to gdyy of the weight of the animal, and may be less,—say in a 


rabbit of 2000 grammes weight, 5 to 10 cc. of a 10 per cent. solution— 
and then measuring the resistance of a drop taken at an interval 
sufficient to allow complete mixture. The increase in the conductivity 
is a function of the percentage of sodium chloride which has been added 
to the blood. Knowing this percentage and the amount of the sodium 
chloride added we get the total quantity of blood, on the assump- 
tion that in the short interval none of the salt has been eliminated. 


(3) A METHOD OF MEASURING LOCAL DIFFERENCES OF TEMPERATURE 
IN THE BLOOD-STREAM, 


Two instruments were shewn which had been used, and were still 
being used to measure differences of temperature between the artery and 
vein of a limb or organ under various conditions. Each consists of a 
vulcanite holder with a fine platinum wire disposed in a groove which 
receives the vessel. The measurement is made by the resistance method. 
The advantage of the method is that the vessels do not require to be 
opened. ‘The temperature measured is really that of the outside of the 
vessel, but when the latter is enclosed in the groove, as it is by a sliding 
piece, this cannot differ appreciably from that of the blood. | 

The same instruments, as well as a larger pair, had also been used 
to determine whether any increase of temperature can be detected in 
active mammalian nerve (op. cit.), and in curarised muscle when its 
nerve is stimulated, in both cases hitherto with a negative result. 


2. Dr ALDREW TURNER demonstrated microscopical specimens 
illustrating the changes occurring in the cranial nerves in 
association with Optic neuritis. The statement was confirmed 
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that the optic neuritis which occurred as a physical sign of intracranial 
tumours was in the majority of cases secondary to a basal pia-arachnitis. 
This in its turn was the result of the new growth which caused by its 
presence irritation and inflammation of the perivascular lymphatics. 

It was urged that as the optic nerve differed in no respect as regards 
the effects of inflammation from the other nerves issuing from the base 
of the skull, there ought to be associated with optic neuritis inflam- 
mation of the olfactory, trigeminal, auditory, and other cranial nerves. 
Evidence was brought forward to shew that this does actually occur, 
for in three cases examined there was neuritis of the third, fifth and 
some of the medullary nerve roots. The olfactory bulb was examined 
in one case, but shewed no sign of any inflammatory change, while the 
anditory nerve in another instance shewed marked signs of an early 
inflammation. The change in all was similar; an arachnitis encroached 
on the nerve roots and caused perineuritis, which extended centrally and 
led to degeneration of the nerve parenchyma. The state of the non- 
medullated cranial nerves requires further investigation. Dr Turner 


believed that in the rare cases described as cerebritis with optic neuritis, .-.... |} 


the latter condition was probably due to a meningitis. It was further 
stated that a pia-arachnitis recognisable only by: the microscope was 
sufficient to cause optic neuritis. 


3. Dr CopEMAN shewed specimens of a form of myohzematin which 
had been obtained by treating defibrinated and slightly diluted blood 
with a small quantity of minced muscle tissue, and subsequently keeping 
the mixture at a temperature of 36°C. for nearly three weeks, contact 
with air being prevented. The spectrum is indistinguishable from that 
figured by Mac Munn’ except for a slight difference in shading of the 
band nearest the violet end. The pigment was compared spectro- 
scopically with hemochromogen and neutral hematoporphyrin, to each 
of which it bears a certain amount of resemblance in the position of one 
or more of the absorption bands, although easily distinguished from 
them by its behaviour with reagents. On heating to near the boiling 
point the bands disappear, becoming visible again on cooling, as observed 
by Halliburton in the case of Mac Munn’s modified myohematin. 

Similar experiments carried out with small quantities of hepatic and 
other tissues, macerated in blood, resulted in the formation of alkaline 
hematin only, instead of a form of histo-hematin. 


! Journal of Physiology, Vol. vim, Pl. II. Sp. 14. 
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